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^ (54) Title: CASPASE INHIBITOR 

^ H N O H ^^"^^ Abstract: The present invention relates to an isoxazoline 

« I ■ T r derivative of formula (I), the pharmaccutically acceptable salts, 

esters and stereochemically isomeric forms thereof, and the use 
of the derivative in inhibiting the activity of caspases. The deriva- 
tive according to the present invention can be efifectively used in 
treating diseases due to caspases, such as, for example the dis- 
► ease in which cells are abnormally died, dementia, cerebral stroke, AIDS, diabetes, gastric ulcer, hepatic injure by hepatitis, sepsis, 
* organ transplantation rejection reaction and anti-inflammation. 
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CASPASE INHIBITOR 
Technical Field 



The present invention relates to a novel isoxazoline derivative, 
pharmaceutically acceptable salts, esters and stereo chemically isomeric 
forms thereof which can serve as an inhibitor for protein caspases 
(cysteinyl-aspartate proteinases) and a process for preparing the same and 
the use of the derivative as an inhibitor for caspases. The derivative 
according to the present invention can be effectively used in treating 
diseases due to caspases, such as, for example the disease in which cells 
are abnormally died, dementia, cerebral stroke, AIDS, diabetes, gastric 
ulcer, hepatic injure by hepatitis, sepsis, organ transplantation rejection 
reaction and anti-inflammation. 



Background Art 



All organisms in nature undergo the life cycle consisting of development, 
differentiation, growth and death. Recentiy, an extensive research has been 
made to a mechanism involved in apoptosis which would play a key role 
in the control of the life cycle and the outbreak of diseases. It has been 
reported that apoptosis is occurred by a number of factors, but largely due 
to the fliree kinds of cellular signal transport systems: the first of which is 
a signal transport system by the protein-protein interaction (See, Muzio M. 
et al, Cell 85, 817, 1996; Humke E.W. et al., JBC 273, 15702, 1998), 
the second, an mcorporation of cytochrome C into cytoplasm via 
mitochondria (See, Liu X. et al.. Cell 86:147, 1996; Li P. et al.. Cell 91, 
479, 1997), and the third, a cellular signal transport pathway by the 
SAPK(Sfress-activated protein kinases) activation of mitogen-activation 
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protein kinase(MAPK) enzymes. All the pathways have been known to 
activate caspases cascade. As such caspases, about 10 kinds of 
isoenzymes have been identified in human and 14 kinds in mouse (see, 
Thomberry N.A. et al, Science 28, 1312 1998; Green D.R. Science 28, 
1309, 1998; Ahmad M., et al., Cancer Res. 15, 5201 1998). The 
enzymes exist in the form of proenzyme which has no enzymatic activity 
within the cells and converted to an activated form if the cells are 
damaged or are exposed to a substance which leads to cellular necrosis. 
An activated enzjone has a heterodimer structure in which two 
polypeptides, i.e. larger subunits with the molecular weight of about 17-20 
kDa, and smaller subunits with the molecular weight of about 10 kDa are 
bound together. 

As present, caspases are classified into three (3) groups in view of the 
genetic identification analysis results and the biochemical characteristics: the 
first group is caspase-1, 4 and 5 which are responsible for the processing 
of cytokine activation, the second is caspase-3, 6 and 7 which carry out 
apoptosis and the third is caspase-8, 9 and 10 which are responsible for 
enzymatic activation in the upstream of signal transport system of 
apoptosis. 

Among these caspases, Caspase-3 group and Caspase-8, 9, 10 etc. were 
recently reported to be related to apoptosis, and diseases (see, Thomberry 
N.A. et al. Science, 28, 1312, 1998). 

According the recent research results, caspases are commonly activated as 
apoptosis is initiated, even if there is a minor difference depending upon 
the tissues and cells. The activated caspases then activate intracellular 
CAD(Caspase-activated DNAse) which fmally digests intranuclear DNA to 
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result in ceU death (Sakahira H., et al., Nature 1 96, 1998; Enari M et 
al, Nature 1 43, 1998). In addition, they promotes apoptosis by 
decomposing substrates such as PARP (Poly-ADP ribose polymerase) which 
is necessary for the survival of cells. 

Meantime, according to the recent disease-related researches, it was 
reported that the activity of Caspase-3 is increased in the brain of 
dementia patient which promotes the production of beta amyloid peptide 
from beta amyloid precursor protein that is considered to be a major cause 
of dementia, thereby accelerating the apoptosis of brain cells (see, Kuida 
K. et al., Nature 28, 368, 1996). Further, it was reported that activation 
of caspases can be the direct inducer of various diseases such as sepsis 
(see, Haendeler J. et al.. Shock 6, 405, 1996; Lenhoff R.J. et al., 29, 563, 
1999), rheumatoid arthritis (Firestein G.S. et al., J. Clin. Invest 96(3), 
1631, 1995), cerebral stroke (see. Hill I.E. et al.. Brain Res.lO, 398, 
1995), ALS disease (see, Alexianu M.E. et al., J. Neurochem 63, 2365, 
1994), autoimmune disease (see, Rieux-Laucat F, et al., Science 2, 1347, 
(1995), diabetes mellitus(see, Juntti-Berggren et al., Science 2, 86, 1993), 
hepatitis (Haendeler J. et al.. Shock 6, 405, 1996), organ transplantation 
rejection reaction (Koglin J. et al.. Transplantation, 27, 904, 1999; Bergese 
S.D. et al., Transplantation 27, 904, 1999), gastric ulcer (see, Slomiany 
B.L. et al., J. Physiol. Pharmacol. 96, 1631, 1995), and the like. 

The researches on three dimensional structure of caspase-1 and caspase-3, 
catalytic mechanism of the enzyme and enzyme-substrate specificity (see, 
Wilson, K.P et al. Nature 370, 270, 1994; Walker, N.P.C. et al.. Cell 78, 
343, 1994; Nature Struc. Biol. 3, 619, 1996) revealed that Caspase-1 group 
has hydrolase-substrate specificity for the peptide sequence of 
(P4)-Val-X-Asp(Pl) and Caspase-3 group has hydrolase-substrate specificity 
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for the sequence of (P4)Asp-X-X-Asp(Pl). 

Z-VAD-fluoromethylketon, Z-DEVD-fluoromethyl ketone which mimics the 
above amino acid sequence have already been used in the researches on 
the inhibitors and were proven to have an inhibitory activity on apoptosis 
of hepatic cells by an activation of caspases (see, Rodriguez I. Et al., J. 
Exp. Med., 184, 2067, 1996; Rouquet N. et al., Curr Biol. 1, 1192, 1996; 
Kunstle G. et al., Immunol. Lett 55, 5, 1997), and on the apoptosis of 
brain cells by celebral ischemias. 

However, since such peptide derivatives are deficient in drug property for 
clinical application, they cannot be used as therapeutics. 

Disclosure of Invention 

It is therefore an object of the present invention to provide a novel 
heterocyclic compound of the formula (I), the pharmaceutically acceptable 
salts, esters and stereochemically isomeric forms thereof which are useful 
as a caspase inhibitor. 

Anotiier object of the present invention is to provide a process for 
preparing the compound of formula (I). 

Still another object of the present invention is to provide a pharmaceutical 
composition for inhibiting caspases activity which comprises as the active 
ingredient a therapeutically effective amount of a derivative of formula (1) 
and pharmaceutically acceptable carrier. 

Further objects and advantages of the invention will become apparent 
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through reading the remainder of the specification. 

The foregoing has outlined some of the more pertinent objects of the 
present invention. These objects should be construed to be merely 
illustrative of some of the more pertinent features of the invention. Many 
other beneficial results can be obtained by applying the disclosed invention 
in a different manner or by modifying the invention within the scope of 
the disclosure. Accordingly, other objects and a more thorough 
understanding of the invention may be found by referring to the detailed 
description of the preferred embodiment in addition to the scope of flie 
invention defined by the claims. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, the invention will be illustrated in more detail. 

The present inventors have conducted an extensive research for many years 
in order to develop new therapeutics suitable for caspase inhibitor which 
has a imique structure over those known in the art. As a result, the 
inventors have surprisingly discovered a novel isoxazoline derivative of 
formula (I) which has a different structure over the known inhibitors and 
has excellent inhibitory activity against various substrates for caspases, and 
have completed the present invention. 

In advance of illustrating the present invention, some important terms are 
defmed as follows: 

a) Simple Alkyl Chain (hereinafter referred to as "SAC") is meant by a 
carbohydrate having Ci-g, and contains a branched isomeric form. 
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b) Simple CycloAlkyl Chain (hereinafter referred to as "SCAC" is meant 
by a cyclic compound having C3-10. 

c) Aryl group (hereinafter referred to as "Ar") represents benzene 
[1:2,3,4,5,6], naphthalene[l,2: 1,2,3,4,5,6,7,8,], pyridine [2,3,4:2,3,4,5,6], 
indole[ 1,2,3,4,5,6,7: 1,2,3,4,5,6,7], quinoline[2,3,4,5,6,7,8: 2,3,4,5,6,7,8], 
isoquinoline[ 1,3,4,5,6,7,8: 1,3,4,5,6,7,8], fiiran [2,3:2,3,4,5], 
thiophene[2,3:2,3,4,5], pyrole[l,2,3: 1,2,3,4,5], pyrimidine [2,4,5,6: 2,4,5,6], 
imidazole[ 1,2,4,5: 1,2,4,5], etc. in which the former digits within the bracket 
represents a position where the corresponding aryl group is connected to 
the inhibitor according to the present invention and the latter digits after 
the colon represents a position where the substituent Y defined later can 
be attached. 

Frequently referred terms are abbreviated as follows: 

N-chlorosuccinimide : NCS 

N-methylmorporline : NMM 

N,N-dimethyl formamide : DMF 

l-(3-dimethylaminopropyl)-3-ethylcarbodiimide: EDC 

l-hydroxybenzotriazole hydrate : HOBt 

Trifluoroacetic acid : TFA 

t-butoxycarbonyl : Boc 

benzyloxycarbonyl : Cbz 

methyl : Me 

ethyl : Et 

equivalent : Eq or eq 



The term "stereochemically isomeric forms" as used in the foregoing and 
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hereinafter defines all the possible isomeric forms which the derivative of 
formula (1) may possess. Unless otherwise mentioned or indicated, the 
chemical designation of compounds denotes the mixture of all possible 
stereochemically isomeric forms, said mixture containing all diastereomers 
of the basic molecular structure. Stereochemically isomeric forms of the 
derivatives of the formula (1) are intended to be embraced within the 
scope of this invention. 

The pharmaceutically acceptable salts as used in the foregoing and 
hereinafter comprises the therapeutically active non-toxic salt forms which 
the derivative of formula (1) are able to form. 

In an aspect, the present invention provides a novel isoxazoline derivative 
of the formula (I), the pharmaceutically acceptable salts, esters and 
stereochemically isomeric forms thereof 

H N O H 

In the compound of formula (I), the substituents are defined as follows. 

R and R' each independently represents simple alkyl chain (-SAC), simple 
cycloalkyl (-SCAC), aromatic (-Ar), or simple alkyl chain substituted with 
aromatic (-SAC-Ar) or hydrogen, preferably represents hydrogen. 
Throughout the description of the specification, R' has the same meaning 
as R unless specifically defined. 

Ri represents -SAC, -SCAC, -Ar, or -SAC-Ar and/or contains side chain 
residues of natural amino acids, preferably represent -CH2COOH. 
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R3 represents -SAC, -SCAC, -Ar, or -SAC-Ar and/or contains side chain 
residues of natural amino acids, preferably represent -CH(CH3)2, 
-CH2COOH, -(CH2)2C02H, -CH2CeO)NH2 or -(CH2)2C(=0)NH2. 

In a case where an adjacent position of Ri or R3 become a stereogenic 
center, both the stereoisomeric compounds are intended to be embraced 
within the scope of the present mvention. Similarly, a case where two 
forms of compounds are co-exist (a mixture of diastereomeric compounds) 
is embraced within the scope of the invention. In addition, the cases 
where Ri or R3 are composed of carboxylic acids or bases with side chain 
residue of amino acids, their protected forms such as simple esters or 
pharmaceutically acceptable salt forms are also embraced within the scope 
of the compounds according to the invention. 

R2 represents -H, -SAC, -SCAC, -Ar, or -SAC-Ar and contains side chain 
residues of natural amino acids. In a case where an adjacent position due 
to R2 become a stereogenic center, both the stereoisomeric compounds are 
embraced within the context of the compoimds of the present invention. 
Similarly, a case where two forms of compounds are co-exist (a mixture 
of diastereomeric compounds) is embraced within the category of the 
compounds according to the invention. In addition, the cases where R2 
are composed of carboxylic acids or bases with side chain residue of 
amino acid, their protected forms such as simple esters or pharmaceutically 
acceptable salt forms are also embraced within the scope of the 
compounds according to the invention. 

R2 fiirther represents -(CH2)„(0)mR5 (in which Rs = -SAC, -SCAC, -Ar, 
-SAC-Ar; and n=0, 1, 2; m=0, 1), or -(CH2)„OC(=0)R6 (in which R6 = 
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-SAC, -SCAC, -Ar, or -SAC-Ar; and n=l, 2). Preferable Ra represents 
(CH2)n(0)mAr' (in which n=0, 1, 2; m = 0, 1; Ar' = substituted phenyl or 
imidazole), methyl or hydrogen. 

R4 represents an organic acid acyl group of aU the natural amino acids or 
represents -C(=0)R7 (in which R7 = -SAC, -SCAC, -Ar, or -SAC-Ar), 
-C(=0)0R8 (in which Rs = -SAC, -SCAC, -Ar, or -SAC-Ar), 
-C(=0)NR9Rio (in which R9, Rio = -H, -SAC, -SCAC, -Ar, or -SAC-Ar), 
-SORu (in which Rn = -SAC, -SCAC, -Ar, or -SAC-Ar), or -SO2R12 (in 
which R12 = -SAC, -SCAC, -Ar, or -SAC-Ar). 

In cases where Ri and the adjacent R', and/or R3 and the adjacent R are 
coimected to each other to form a cyclic compound, Ri-R' or R3-R 
together represents (CH2)„, (CH2)n-0-(CH2)m, or (CH2)„-NRi3-(CH2)m [in 
which n+m <9, R13 = -SAC, -SCAC, -Ar, -SAC-Ar, -C(=0)-SAC, 
-C(=0)-SCAC, -C(=0)-Ar, or -C(=0)-SAC-Ar]. 

X represents -CN, -CHO, -C(=0)Ri4 [in which R14 - -SAC, -SCAC, -Ar, 
or -SAC-Ar], -C(=0)0Ri5 [in which R15 = -SAC, -SCAC, -Ar, or 
-SAC-Ar], -CONR16R17 [in which R16 and Rn each represents -H, -SAC, 
-SCAC, -At, or -SAC-Ar], -C(=0)CH20Ri8 [in which Rig represents -SAC, 
-SCAC, -Ar, or -SAC-Ar], or -C(=0)CH20C(=0)Ri9 [in which R19 = 
-SAC, -SCAC, -Ar, or -SAC-Ar]. The invention further encompasses a 
case where if X represents -COCH2-W, W represents -N2, -F, -CI, -Br, -I, 
-NR20R21 or -SR22 [in which wherein R20, R21 and R22 each independently 
represents -SAC, -SCAC, -Ar, or -SAC-Ar or a case where R20 and R21 
are connected to form a cyclic compounds]. W also represents 
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in which Y represents -OH, OR23 (in which R23 = -SAC, or -SCAC), 
-C(=0)R24 (in which R24 = -H, -SAC, or -SCAC), -F, -CI, -Br, -I, -CN, 
-NC, -N3, -CO2H, CF3, -CO2R25 (in which R25 = -SAC, or -SCAC), 
-C(=0)NHR26 (in which R26 = -SAC, or -SCAC), and -C(=0)NR27R28 (in 
which R27, R28 = -SAC, or -SCAC) and can be mono- or poly-substituted 
at its maximum regardless of the order and the kinds. 

Among the compound of formula (I), preferred are those in which 

a) R and R' represent hydrogen, 

b) Ri represents -CH2COOH, 

c) R2 represents (CH2)n(0)mAr' [in which n=l, 2; m=0, 1; Ar' = substituted 
phenyl or imidazole], methyl or hydrogen, 

d) R3 represents -CH(CH3)2, -CH2COOH, -(CH2)2C02H, -CH2C(0)NH2 or 
-(CH2)2C(0)NH2, 

e) R4 represents -C(=0)(0)nR29 [in which n=0, 1; R29 = -Ar, or -SAC-Ar], 
-SO2R30 [in which R30 = -Ar, or -SAC-Ar], or -C(=0)NHR3i, [in which 
R31 = -Ar, or -SAC-Ar], 

f) X represents -C(=0)CHN2, -C(=0)CH2Br, -C(=0)CH2C1, -C(=0)CH20Ar" 
[Ar" = preferably phenyl] or -C(=0)CH20C(-0)Ar'" [in which Ar'" = 
preferably 2,6-dichlorophenyl or 2,6-dimethylphenyl]. 

Most preferred compounds are selected from the group consisting of 
(3S)-3-{3-[(lS)-l-phenyhnethyloxycarbonylamino-2-methyl-propyl]-4,5-di- 
hydro-isoxazole-5-carbonylamino} -4-keto-pentanoic acid; 
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(3 S)-3-{ 3-[( 1 S)- 1 -phenylmelhyloxycarbonylainino-2-methyl-propyl]-5-phenoxy 
methyl-4,5-dihydro-isoxazole-5-carbonyl-amino}-4-keto-pentanoic acid; 
(2S)-2-{3-[( IS)- 1 -phenylmethyloxycarbonylamino-2-methyl-propyl]-5-phenoxy 
inethyl-4,5-dihydro-isoxazole-5-carbonyl-amino}-succimc acid l-(N-inethyl- 

N-methoxy)-amide ; 

(3S)-3-{3-[(lS)-l-phenyltnethyloxycarbonylamino-2-methyl-propyl]-4,5-dihydro 

-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 

(3S)-3-{3-[(lS)-l -phenybiiethyloxycarbonylamino-2-methyl-propyl]-4,5 -dihydro 

-isoxazole-5-carbonyIamino}-4-keto-5-bromo-pentanoic acid; 

(3 S)-3- {3-[( 1 S)- 1 -phenylmethyloxycarbonylainino-2-methyl-propyl]-4,5-dihydro 

-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyloxy)-pentanoic acid; 

(3 S)-3- {3-[( 1 S)- 1 -(naphthalene- l-carbonylamino)-2-niethyl-propyl]-5-penoxy- 

methyl-4,5-dihydro-isoxazole-5-carbonylaniino}-4-keto-5-phenoxy-pentanoic 

acid; 

(3 S)-3- {3-[( 1 S)- 1 -(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-penoxy- 

methyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-phenoxy-pentanoic 

acid; 

(3 S)-3 - { 3 -[( 1 S)- 1 -(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-penoxy- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3 S)-3 -{3 -[( 1 S)- 1 -(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-penoxy- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 
acid; 

(3S)-3-{3-[( 1 S)- 1 -(naphthalene-2-carbonylainino)-2-methyl-propyl]-5-penoxy- 
methyl-4, 5 -dihydro-isoxazole-5 -carbonylamino } -4 -keto-5-(2, 6-dichlorobenzoylo 
xy)-pentanoic acid; 

(3S)-3-{3-[(lS)-l-(naph1halene-2-carbonylamino)-2-methyl-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxa2ole-5-carbonylamino}-4-keto-5-bromo-pentanoic 



wo 01/21599 PCT/KR99/00561 



acid; 

(3S)-3-{3-[(lS)-l-(naphthalene-2-carbonyiammo)-2-methyl-propyl]-5-phenyl- 
methyl-4,5 -dihydro-isoxazole-5-carbonylamino } -4-keto-5-(2, 6-dichlorobenzoyl- 

oxy)-pentanoic acid; 

(3 S)-3 -{ 3-[( IS)- 1 -(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-diazo-pentanoic acid; 
(3 S)-3 -{ 3-[( IS)- 1 -(naphthalene-2-carbonylainino)-2-methyl-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 
acid; 

(3 S)-3-{ 3-[( 1 S)- 1 -(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenyl- 
raethyl-4,5-dihydro-isoxazole-5-carbonylamitio}-4-keto-5-(2,6-dichlorobenzoyl- 
oxy)-pentanoic acid; 

(3S)-3-{3-[(lS)-l-(naphtlialene-2-carbonylamino)-3-carboxy-propyl]-5-methyl-4, 

5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic acid; 

(3 S)-3 -{ 3-[( 1 S)- 1 -(qiiinoline-2-yl-carbonylamino)-2-methyl-propyl]-5-phenoxym 

ethyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-pentanoic acid; 

(3S)-3-{3-[(lS)-l-(naphthalene-2-sulfonylamino)-2-metiiyl-propyl]-5-penoxy- 

methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic 

acid; 

(3 S)-3-{ 3-[( 1 S)- 1 -(naphthalene-2-carbonylainino)-2-methyl-propyl]-5-phenoxy- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2-naphthyloxy)- 
pentanoic acid; 

(3 S)-3-{ 3-[( 1 S)- 1 -(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenoxy- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(l-naphthyloxy)- 
pentatioic acid; 

(3S)-3-{3-[(lS)-l-(2S)-2-acetylamino-succinoylamino)-3-carboxy-propyl]-5- 
methyl-4,5-dihydro-isoxa2ole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic 
acid; 

(3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl-propyl]-4,5-dihydro- 
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isoxazole-5-carbonylainino}-4-keto-5-(2-naphthyloxy)-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-(2-naphthalenecarbonylammo)-propyl]-4,5-dihydro- 
isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic acid (diasteromeric 

mixture); 

(3S)-3-{3-[2-methyl-(lS)-l-(phenylmethyloxycarbonylamuio)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3 S)-3-{3-[2-methyl-( 1 S)- l-(phenylinethyloxycarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 
acid; 

(3 S)-3 - {3-[2-methyl-( 1 S)- l-(phenylmethyloxycarbonylainino)-propyl]-5-phenyl- 
methyl-4,5 -dihydro-isoxazole-5-carbonylamino } -4-keto-5-(2,6-dichlorobenzoyl- 
oxy)-pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(phenylethylcarbonylainino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[2-me1hyl-(lS)-l-(phenyle1hylcarbonylamino)-propyl]-5-phenybnethyl 
-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic acid; 
(3 S)-3 - { 3 -[2-methyl-( 1 S)- 1 -(phenylethylcarbonylamino)-propyl]-5 -phenyl- 
methyl-4, 5 -dihydro -isoxazole-5 -carbonylamino } -4-keto-5-(2, 6-dichlorobenzoylo 
xy)-pentanoic acid; 

(3 S)-3-{3-[2-methyl-(l S)- 1-( l-naphthalenecarbonylainino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3 S)-3 - {3-[2-methyl-( 1 S)- 1-( l-naphthalenecarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 

acid; 

(3 S)-3-{3 -[2-methyl-( 1 S)- 1 -( l-naphthalenecarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2, 6-dichlorobenzoylo 
xy)-pentanoic acid; 

(3S)-3-{3-[2-metiiyl-(lS)-l-(l-naphtalenesulfonylainino)-propyl]-5-phenyl- 
methyl-4,5 -dihydro-isoxazole-5-carbonylamino } -4-keto-5-diazo-pentanoic acid 
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(diastereomeric mixture); 

(3S)-3-{3-[2-methyl-(lS)-l-(l-naphtalenesulfonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro4soxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic acid 

(diastereomeric mixture); 

(3 S)-3-{ 3-[2-methyl-( IS)- 1 -( l-naphtalenesulfonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobeiizoyl- 
oxy)-pentanoic acid (diastereomeric mixture); 

(3S)-3-{3-[2-methyl-(lS)-l-((3-indolyl)ethylcarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-((3-indolyl)ethylcarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 
acid; 

(3S)-3-{3-[2-methyl-(lS)-l-((3-indolyl)ethylcarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyl- 
oxy)-pentanoic acid; 

(3 S)-3 - { 3-[2-methyl-( 1 S)- 1 -((3 -indolyl)methylcarbonylamino)-propyl]-5 -phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamitio}-4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[2-mcthyl-(lS)-l-((3-indolyl)methylcarbonylamino)-propyl]-5-phenyl- 
metiiyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 
acid; 

(3 S)-3-{ 3-[2-methyl-( 1 S)- 1-((3 -indolyl)methylcarbonylamino)-propyl]-5 -phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyl- 

oxy)-pentanoic acid; 

(3 S)-3-{ 3-[2-methyl-( 1 S)- 1 -(ciimamoylamuio)-propyl]-5-phenylmetiiyl-4,5- 
dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-(cimiamoylamitio)-propyl]-5-phenylmethyl-4,5- 
dihydro-isoxazole-5-carbonylamino }-4-keto-5-bromo-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-(ciimamoylamino)-propyl]-5-phenylmethyl-4,5- 
dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyloxy)- 
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pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(phenylmethylsulfonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamiiio}-4-keto-5-diazo-pentanoic acid; 
(3 S)-3-{ 3-[2-methyl-( 1 S)- 1 -(phenylmethylsulfonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo- 
pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(phenylmethylsulfonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoylo 
xy)-pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(quinoline-2-yl-carbonylamino)-propyl]-4,5-dihydro- 
isoxazoIe-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-(quinoline-2-yl-carbonylainmo)-propyl]-4,5-dihydro- 
isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-(quinoline-2-yl-carbonylaniino)-propyl]-4,5-dihydro- 
isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyloxy)-pentanoic acid; 
(3 S)-3-{ 3-[2-methyl-( 1 S)- 1 -(quinoline-2-yl-carbonylamino)-propyl]-4,5-dihydro- 
isoxazole-5 -carbonylamino } -4-keto-5 -phenoxy-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-(quinoline-2-yl-carbonylainino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3 S)-3-{3-[2-methyl-( 1 S)- l-(quinoline-2-yl-carbonylainino)-propyl]-5-phenyl- 
metiiyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-bromo-pentanoic 
acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(quinoline-2-yl-carbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-(2,6-dichlorobenzoylo 
xy)-pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(quinoline-2-yl-carbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic 
acid; 

(3 S)-3-{3-[2-methyl-( IS)- l-(quinoline-2-yl-carbonylamino)-propyl]-5-( 1- 
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miidazolyl-methyl)-4,5-dihydro-isoxazole-5-carbonylammo}-4-keto-5-phenoxy- 
pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(2-naphthalenecarbonylamino)-propyl]-4,5-dihydro- 

isoxazole-5-carbonylainino}-4-keto-pentanoic acid; 

(3S)-3-{3-[(lS)-l-(succinoylainino)-3-carboxy-propyl]-5-methyl-4,5-dihydro- 

isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic acid; 

(3 S)-3-{ 3-[2-methyl-( 1 S)- l-(succinoylainino)-propyl]-5-methyl-4,5-dihydro- 

isoxazole-5-carbonylamiiio}-4-keto-5-phenoxy-pentanoic acid; and 

(3 S)-3-{ 3-[2-methyl-( 1 S)- 1-( l-naphtalenylcarbonylaiiiino)-propyl]-5-phenyl- 

methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(l-piperidinyl)-pentan 

oic acid. 

In an another aspect, the present invention provides a process for preparing 
a compound of formula (I). 

Hereinbelow, a process for preparing the isoxazoline derivatives of formula 
(I) according to the present invention will be explained with respect to 
Reaction Schemes 1 and 2. It should be understood that the reaction 
schemes generally illustrate the specific process used in the present 
invention, but any modification of the unit operations may be made 
without departure of the spirit of the invention. Therefore, the present 
invention should not be limited to the following preferred embodiments. 

In the first step, amino protected amino acid (II) (commerically available 
from Novabiochem) is reduced to give N-protected amino alcohol (III) 
which is then oxidized to give N-protected amino aldehyde (IV). 

N-protected amino aldehyde (IV) is reacted with hydroxylamine- 
hydrochloride and sodium carbonate in a mixed solution of an alcohol and 
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water to give an oxime (V) (syn- and anti-oxime). The resulting oxime 
derivative (V) is treated with NCS (N-chlorosuccinimide) in an aqueous 
solution of dimethylfonnamide to give hydroxamoyl chloride (VI). As the 
representative substituents used in the synthesis of hydroxamoyl chloride, 
the following groups may be exemplified: Pi represents Cbz, t-Boc, Fmoc, 
Teoc(trimethylsilyl-etliyloxycarbonyl), etc.; R represents H and R3 represents 
-CH2CH2C02Bu(t), -CH2C02Me, -CH2C02Bu(t), -isopropyl, phenyhnethyl, 
and the like. 



Reaction Scheme 1 



R "R3 

n 



R R3 



In the above Reaction Scheme 1, the following combinations of a) to g) 
for the commercially available compounds (II) to (VI) may be synthesized. 

a) Pi = Cbz, R = H, R3 = i-Pr 

b) Pi = t-Boc, R = H, R3 = i-Pr 

c) Pi = Fmoc, R = H, R3 = CH2CH2C02Bu(t) 

d) Pi = t-Boc, R = H, R3 = CH2C02Me 
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e) Pi = Cbz, R = H, R3 = CH2C02Bu(t) 

f) Pi = Fmoc, R = H, R3 = CH2C02Bu(t) 

g) Pi = Boc or Cbz, R = H, R3 = CH2Ph 

Reaction Scheme 2 




I 



In the second step, the hydroxamoyl chloride (VI) thus obtained is then 
reacted with acrylate derivative (VII) to give isoxazoline derivative (VIII). 
If necessary, isoxazoline derivative (VIII) may be synthesized directiy from 
the oxime derivative (V). 

If a compomid having the protecting group Pi can be used as the inhibitor 
(for example, Pi is a Cbz group), the isoxazoline derivative (VIII) is 
directiy reacted with the compound (X) to give a compound of formula 
(I), and if it is necessary to convert the protecting group Pi into other 
substituent. Pi is removed and R4 is introduced thereinto. 

In the above Reacion Scheme 2, the following combination of substituents 
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may be synthesized. 
In the compound (VIII), 

a) Pi = Cbz, R = H, R3 = i-Pr, R2 = H, P2 = Et 

b) Pi = Cbz, R = H, R3 = i-Pr, R2 = H, P2 = H 

c) Pi = Cbz, R = H, R3 = i-Pr, R2 = CH20Ph, P2 = Et 

d) Pi = Cbz, R = H, R3 = i-Pr, R2 = CHaOPh, P2 = H 

e) Pi = Fmoc, R = H, R3 = CH2CH2C02Bu(t), R2 = CH3, P2 = CH3(or 
Et) 

f) Pi = Teoc, R = H, R3 = i-Pr, R2 = CH3, P2 = H 

g) Pi = t-Boc, R = H, R3= i-Pr, R2= PhCH2, P2=Et 

h) Pi = t-Boc, R = H, R3 = i-Pr, R2 = PhOCH2, P2 = Et 

i) Pi = t-Boc, R - H, R3 = i-Pr, R2 - 1-naphthyl, P2 = Et 
j) Pi = t-Boc, R = H, R3 - i-Pr, R2 = 2-naphthyl, P2 = Et 
k) Pi = t-Boc, R = H, R3 = i-Pr, R2 = phenyl, P2 = Et 

1) Pi = t-Boc, R = H, R3 = i-Pr, R2 = 4-bromophenyl, P2 = Et 
m) Pi = t-Boc, R = H, R3 = i-Pr, R2 = ACOCH2, P2 = Et 

In the compound (IX), 

a) R4 = Cbz, R = H, R3 = i-Pr, R2 = H, P2 = Et 

b) R4 = Cbz, R = H, R3 = i-Pr, R2 = H, P2 = H 

c) R4 = Cbz, R = H, Ra = i-Pr, R2 = CH20Ph, P2 = Et 

d) R4 = Cbz, R = H, R3 - i-Pr, R2 = CH20Ph, P2 - H 

e) R4 = 1-naphthoyI, R = H, R3 = i-Pr, R2 - CH20Ph, P2 - Et 

f) R4 = 1-naphthoyl, R = H, R3 = i-Pr, R2 = CHzOPh, P2 = H 

g) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = CH20Ph, P2 = Et 

h) R4 = 2-naphthoyl, R = H. R3 = i-Pr, R2 = CH20Ph, P2 = H 

i) R4 = 2-naphthoyl, R = H, R3 = CH2CH2C02Bu(t), R2 = CH3, P2 = CH3 
j) R4 = 2-naphthoyl, R = H, R3 = CH2CH2C02Bu(t). R2 = CH3, P2 = H 
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k) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhCHs, P2 = Et 

1) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhCH2, P2 = H 

m) R4 = 2-naphthalenesulfonyl, R = H, R3 = i-Pr, R2 = PhOCH2, P2 = Et 

n) R4 = 2-naphthalenesulfonyl, R - H, R3 = i-Pr, R2 = PhOCH2, P2 = H 

0) R4 = 2-qumolinecarbonyl, R = H, R3 = i-Pr, R2 = PhOCH2, P2 = Et 

p) R4 = 2-quinolmecarbonyl, R = H, R3 = i-Pr, R2 = PhOCH2, P2 = H 

q) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = H, P2 = Et 

r) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = H, P2 = H 

s) R4 = hydrocinnamoyl, R = H, R3 = i-Pr, R2 = PhCH2, P2 = Et 

t) R4 = hydrocinnamoyl, R = H, Ra = i-Pr, R2 = PhCH2, P2 = H 

u) R4 = 1-naphthoyl, R = H, R3 = i-Pr, R2 = PhCH2, P2 = Et 

v) R4 = 1-naphthoyl, R = H, R3 = i-Pr, R2 = PhCHs, P2 = H 

w) R4 = 1-naphthalenesulfonyl, R = H, R3 = i-Pr, R2 = PhCHa, P2 = Et 

x) R4 = l-naph1halenesulfonyl, R - H, R3 = i-Pr, R2 = PhCH2, P2 = H 

y) R4 = 3-indoleacetyl, R = H, R3 = i-Pr, R2 = PhCH2, P2 = Et 

z) R4 = 3-indoleacetyl, R = H, R3 = i-Pr, R2 = PhCH2, P2 = H 

aa) R4 = 3-indolepropionyl, R = H, R3 = i-Pr, R2 = PhCH2, P2 = Et 

ab) R4 = 3-indolepropionyl, R = H, R3 - i-Pr, R2 = PhCH2, P2 - H 

ac) R4 = trans-cixmsanoyl, R = H, R3 = i-Pr, R2 = PhCH2, P2 = Et 

ad) R4 = rraAW-cinnamoyl, R = H, R3 = i-Pr, R2 = PhCHa, P2 = H 

ae) R4 = phenyhnethylsulfonyl, R = H, R3 = i-Pr, Rz = PhCH2, P2 = Et 

af) R4 = phenyhnethylsulfonyl, R = H, R3 = i-Pr, R2 = PhCH2, P2 = H 

ag) R4 = 2-quinolinecaTbonyl, R = H, R3 = i-Pr, R2 = H, P2 = Et 

ah) R, = 2-quinolinecarbonyl, R = H, R3 = i-Pr, R2 = H, P2 = H 

ai) R4 = 2-quinolinecarbonyl, R = H, R3 = i-Pr, R2 = PhCH2, P2 = Et 
aj) R4 = 2-quinolinecarbonyl, R = H, R3 = i-Pr, R2 - PhCH2, P2 = H 

ak) R4 = 2-quinolinecarbonyl, R = H, R3 = i-Pr, R2 = 1-imidazolyl, P2 = 
Et 

al) R4 = 1-quinolinecarbonyl, R = H, R3 = i-Pr, Rz = 1-imidazolyl, P2 = 
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H 

am) R4 = COCH2CH2C02Bu(t), R = H, R3 = CHaCHaCOaBuCt), R2 = CH3, 

P2 = CH3 

an) R4 = COCH2CH2C02Bu(t), R = H, R3 = CH2CH2C02Bu(t), Rz = CH3, 

P2 = H 

ao) R4 = COCH2CH2C02Bu(t), R = H, R3 - i-Pr, R2 = CH3, P2 = CH3 
ap) R4 = COCH2CH2C02Bu(t), R = H, R3 = i-Pr, R2 = CH3, P2 = H 



In the compound (X), 

a) P3 = Cbz, R = H, Ri=CH2C02Bu(t), X =C02Me 

b) P3 = HCl+H, R = H, Ri=CH2C02Bu(t), X =C02Me 

c) P3 = Cbz, R = H, Ri=CH2C02Bu(t), X =COCH2N2 

d) P3 = Cbz, R = H, Ri=CH2C02Bu(t), X =C0CH2Br 

e) P3 = Cbz, R = H, Ri=CH2C02Bu(t), X =C0CH20Ph 

f) P3 = Cbz, R = H, Ri=CH2C02Bu(t), X =CH(0H)CH20Ph 

g) P3 = H, R = H, R,=CH2C02Bu(t), X =CH(0H)CH20Ph 

h) P3 = Cbz, R = H, Ri=CH2C02Bu(t), 
X = CH(OH)CH20C(0)Ph(2,6-dichloro) 

i) P3 = H, R = H, Ri=CH2C02Bu(t), 
X =CH(OH)CH20C(0)Ph(2,6-dichloro) 

j) P3 = Cbz, R = H, Ri=CH2C02Bu(t), X =CONMe(OMe) 

k) P3 = H, R = H, Ri=CH2C02Bu(t), X =CONMe(OMe) 

1) P3 = Cbz, R = H, Ri=CH2C02Bu(t), X =CH(0H)CH20- (1-naphthyl) 

m) P3 = H, R = H, Ri=CH2C02Bu(t), X =CH(0H)CH20- (1-naphthyl) 

In the compound (I), 

a) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhOCH2, Ri = CH2C02Bu(t), 
X = CO2H 

b) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhOCHa, Ri = CH2C02Bu(t), 
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X = C(=0)CH2N2 

c) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhOCH2, Ri = CH2C02Bu(t), 
X = C(=0)CH2Br 

d) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhOCH2, Ri = CH2C02Bu(t), 

X = C(=0)CH20Ph 

e) Rt = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhOCHa, Ri = CH2C02Bu(t), 
X = C(=0)CH20C(=0)Ph (2,6-dichloro) 

f) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhOCHz, Ri = CH2C02Bu(t), 
X = 2-naphthyloxymethylcarbonyl 

g) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhOCHz, Ri = CH2C02Bu(t), 
X = 1-naphthyloxymethylcarbonyl 

h) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhOCH2, Ri = CH2C02Bu(t), 
X = CH(OH)CH20Ph 

i) R4 = 1-naphthoyl, R = H, R3 = i-Pr, R2 = PhOCH2, Ri = CH2C02Bu(t), 
X = C(=0)CH20Ph 

j) R4 = 2-naphthalenesulfonyl, R = H, R3 = i-Pr, R2 = PhOCHa, Ri = 

CH2C02Bu(t), X = CH(0H)CH20Ph 
k) R4 = 2-naphthalenesulfonyl, R = H, R3 = i-Pr, Ra = PhOCHa, Ri = 

CH2C02Bu(t), X = C(=0)CH20Ph 
1) R4 = 2-quinolinecarbonyl, R = H, R3 = i-Pr, R2 = PhOCH2, Ri = 

CH2C02Bu(t), X = CH(OH)CH20Ph 
m) R4 = 2-quinolinecarbonyl, R = H, R3 = i-Pr, R2 = PhOCHa, Ri = 

CH2C02Bu(t), X = CH(0H)CH20Ph 
n) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhCH2, Ri = CH2C02Bu(t), X 

= C(=0)CH2N2 

o) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhCH2, Ri = CH2C02Bu(t), X 
= C(=0)CH2Br 

p) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhCH2, Ri = CH2C02Bu(t), X 
= C(=0)CH20Ph 
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q) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = PhCHa, Ri = CHaCOaBuCt), X 

= CeO)CH20C(=0)-Ph-(2,6-dichloro) 
r) R4 = N-acetyl-^-t-butyl aspartyl, R = H, R3 = CH2CH2C02Bu(t), R2 = 

CH3, Ri = CH2C02Bu(t), X = CH(0H)CH20Ph 
s) R4 = N-acetyl-^-t-butyl aspartyl, R = H, R3 = CH2CH2C02Bu(t), R2 = 

CH3, Ri = CH2C02Bu(t), X = C (=0)CH20Ph 
t) R4 = Cbz, R = H, R3 = i-Pr, R2 = H, Ri = CH2C02Bu(t), X = 

C(=0)NMe(OMe) 

u) R4 = Cbz, R = H, R3 = i-Pr, R2 = H, Ri = CH2C02Bu(t), X = 
C(=0)CH3 

v) R4 = Cbz, R = H, Ra = i-Pr, R2 = PhOCH2, Ri = CH2C02Bu(t), X = 
CO2CH3 

w) R4 = Cbz, R = H, R3 = i-Pr, R2 = PhOCH2, Ri = CH2C02Bu(t), X = 
CO2H 

lOx) R4 = Cbz, R = H, R3 = i-Pr, R2 = PhOCH2, Ri = CH2C02Bu(t), X = 
C(=0)CH2N2 

y) R4 = Cbz, R = H, R3 = i-Pr, R2 = PhOCH2, Ri = CH2C02Bu(t), X = 
C(=0)CH2Br 

z) R, = Cbz, R = H, R3 = i-Pr, Rz = PhOCH2, Ri = CH2C02Bu(t), X = 
C(=0)CH20C(=0)-Ph-2,6-(lichloro 

aa) R4 = Cbz, R = H, R3 = i-Pr, R2 = PhOCH2, Ri = CH2C02Bu(t), X = 
C(=0)NMe(OMe) 

ab) R4 = Cbz, R = H, Rb = i-Pr, R2 = PhOCH2, Ri = CH2C02Bu(t), X = 

C(=0)CH3 

ac) R4 = Cbz, R = H, R3 = i-Pr, R2 = H, Ri = CHsCOaBuCt), X = CO2CH3 

ad) Rt = Cbz, R = H, R3 = i-Pr, R2 = H, Ri = CH2C02Bu(t), X = 
C(=0)CH20C(=0)Ph(2,6-dichloro) 

ae) R4 = 2-naphthoyl, R = H, R3 = i-Pr, R2 = H, Ri = CH2C02Bu(t), X = 
C(=0)CH20Ph 
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af) R4 = hydrociimamoyl, R = H, R3 = i-Pr, R2 = PhCH2, Ri = CH2C02Bu(t), 
X = C(=0)CH20C(=0)Ph(2,6-dichloro) 

ag) R4 = 1-naphthoyl, R = H, R3 = i-Pr, Ra = PhCHa, Ri = CHzCOaBuCt), X 
= C(=0)CH20C(=0)Ph(2,6-dichloro) 

ah) R4 = 1-naphthalenesulphonyl, R = H, R3 = i-Pr, R2 = PhCHa, Ri = 
CH2C02Bu(t), X = C(=0)CH20C(=0)Ph(2,6-dichloro) 

ai) R, = 3-mdoleacetyl, R = H, R3 = i-Pr, R2 = PhCHa, Ri = CHaCOsBuCt), 
X = C(=0)CH20C(=0)Ph(2,6-dichloro) 

aj) R4 = 3-mdolepropionyl, R = H, R3 = i-Pr, Rz = PhCHa, Ri = 

CH2C02Bu(t), X = C(=0)CH20C(=0)Ph(2,6-dichloro) 
ak) R4 = rram-ciimamoyl, R = H, R3 = i-Pr, R2 = PhCH2, Ri = 

CH2C02Bu(t), X = C(=0)CH20C(=0)Ph(2,6-dichloro) 
al) R4 = phenylmethylsulfonyl, R = H, R3 = i-Pr, R2 = PhCH2, Ri = 

CH2C02Bu(t), X = C(=0)CH20C(=0)Ph(2,6-dichloro) 
am) R4 = 2-quinolinecarbonyl, R = H, R3 = i-Pr, R2 = H, Ri = CH2C02Bu(t), 

X = C(-0)CH20C(=0)Ph(2,6-dichloro) 
an) R4 = 2-quinolinecarbonyI, R = H, R3 = i-Pr, R2 = H, Ri = CH2C02Bu(t), 

X = C(=0)CH20Ph 

ao) R4 = 2-quinolinecarbonyl, R = H, R3 = i-Pr, R2 = PhCH2, Ri = 

CH2C02Bu(t), X = C(=0)CH20C(=0)Ph(2,6-dichloro) 
ap) R4 = 2-quinolinecarbonyl, R = H, R3 = i-Pr, R2 = PhCH2, Ri = 

CH2C02Bu(t), X = C(=0)CH20Ph 
aq) R4 = 2-quinolinecarbonyl, R = H, R3 = i-Pr, R2 = l-imidiazolyl, Ri = 

CH2C02Bu(t), X = C(=0)CH20CPh 
ar) R4 = 2-naphthoyl, R = H, R3 = i-Pr, Ra = H, Ri = CH2C02Bu(t), X = 

C(=0)CH3 

as) R4 = COCH2CH2C02Bu(t), R = H, R3 = (CH2CH2C02Bu(t), R2 = CH3, Ri 

= CH2C02Bu(t), X = C(=0)CH20Ph 
at) R4 = COCH2CH2C02Bu(t), R = H, R3 = i-Pr, R2 = CH3, Ri = 
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CH2C02Bu(t), X = C(=0)CH20Ph 
au) R4 = 1-naphthoyl, R = H, R3 = i-Pr, R2 = PhCH2, Ri = CH2C02Bu(t), X 
= C(=0)CH2N(CH2)5 

In Reaction Scheme 2, the functional group X of compound (X) may be 
introduced by several unit operations after the reactions involved in the 
synthesis of the compound (VIII) or (IX), or the compound (VIII) or (IX) 
ab-eady having desired substituent X may be proceed with the subsequent 
reactions. 

The acrylate derivative (VII) may be synthesized by any of two processes 
as depicted in Reaction Scheme 3 below. 

Reaction Scheme 3 




Ester derivative (XI) is reacted with diethyl oxalate to give oxalate 
derivative (XII) which is then reacted in the presence of a base to give 
desired acrylate derivative (VII). Alternatively, it may be synthesized by 
various process starting from the known compound (XIII). That is, the 
known compound (Xllla) is easily converted into compoimds (Xlllb), 
(Vile), (Vllf), (Vllg), etc. 

In the compounds (XI) and (XII), the substituents are examplified as 

follows: 

a) P2 = Et, R2 = Ph 
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b) P2 = Et, R2 = 4-bromophenyl 

c) P2 = Et, R2 = 1-naphthyl 

d) P2 = Et, R2 = 2-naphthyl 

In the compounds (VII) and (XIII), the following combination of the 
substituents can be synthesized by the above process. 

In the compound of (VII), 

a) R2 = Ph, P2 = Et 

b) R2 - 4-bromophenyI, P2 = Et 

c) R2 = 1-naphtiiyl, P2 = Et 

d) R2 = 2-naphthyl, P2 = Et 

e) R2 = CH2OAC, P2 = Et 

f) R2 = CH2Ph, P2 = Et 

g) R2 = CH20Ph, P2 = Et 

In the compound (XIII), 

a) P2 = Et, Z = OH 

b) P2 = Et, Z = Br 

Hereinafter, the representative compounds synthesized by the process of the 
invention will be listed with respect to their structural formulae. 
However, they are presented for the purpose of illustration of the synthesis 
of the compoxmds of the invention and for substantiating the fact that the 
compoimds of the invention can be synthesized by the above mentioned 
preparation process, but the present invention should not be limited to the 
compounds listed in any manner. 
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The isoxazoline derivative of formula (I) and the pharmaceutically 
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acceptable salts, the esters, and the isomers thereof have useful 
pharmacological properties. For example, the derivative of the formula (I) 
posses an inhibitory activity for caspases. Due to their pharmacological 
activity, they can effectively used as the therapeutics for a number of 
diseases, such as, for example the disease in which cells are abnormally 
died, dementia, cerebral stroke, AIDS, diabetes, gastric ulcer, hepatic injiue 
by hepatitis, sepsis, organ transplantation rejection reaction and 
anti-inflammation. 

The compounds of the present invention therefore may be used as 
medicines against above-mentioned diseases. Said use as a medicine or 
method of treatment comprises local or systemic administration to patients 
of an effective amount of the compounds according to die invention for 
treating the diseases. 

The subject compounds may be formulated into various pharmaceutical 
forms for administration purposes. Said pharmaceutical forms or 
compositions are deemed novel and consequently constitute a further aspect 
of the present invention. Also the preparation of said composition 
constitutes a further aspect of the present invention. To prepare the 
pharmaceutical composition of this invention, an effective amount of the 
compound, m base or salt form, as the active ingredient is combined in 
intimate admixture with a pharmaceutically acceptable carrier, which carrier 
may take a wide variety of forms depending on the form of preparation 
desired for administration. These pharmaceutical composition are desirably 
in unitary dosage form suitable, preferably, for administration orally, 
percutaneously, or by parenteral injection. 

For example, in preparing the composition in oral dosage form, any of the 
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usual pharmaceutical media may be employed such as, for example, water, 
glycols, oils, alcohols and the like in the case of oral liquid preparations 
such as suspensions, syrups, elixu-s and solutions: or solid carriers such as 
starches, sugars, kaolin, lubricants, binders, disintegrating agent and the like 
in the case of powders, pills, capsules and tablets. Because of their ease 
in administration, tablets and capsules represent the most advantageous oral 
dosage unit form, in which case solid pharmaceutical carriers are obviously 
employed. For parenteral compositions, the carrier will usually comprise 
sterile water, at least in large part, though other ingredients, for example 
to aid solubility, may be included. Injectable solutions, for example may 
be prepared in which the carrier comprises saline solution, glucose solution 
or a mixture of saline and glucose solution. Injectable suspensions may 
also be prepared in which case appropriate liquid carriers, suspending 
agents and the like may be employed. In the composition suitable for 
percutaneous administration, the carrier optionally comprises a penetration 
enhancing agents and/or a suitable wetting agent, optionally combined with 
suitable additives of any nature in minor proportions, which additives do 
not introduce a significant deleterious effect on the skin. Said additives 
may facilitate the administration to the skin and/or may be helpful for 
preparing the desired compositions. These compositions may be 
administered in various ways, e.g., as a transdermal patch, as a spot-on or 
as an ointment. 

It is especially advantageous to formulate the above pharmaceutical 
compositions in dosage unit form for ease of administration and imiformity 
of dosage. Dosage unit as used in the specification and claims herein 
refers to physically discrete units suitable as unitary dosage, each unit 
containing a predetermined quantity of active ingredient calculated to 
produce the desired therapeutic effect in association with the required 
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pharmaceutical carrier. Examples of such dosage unit forms are tablets, 
capsules, pills, powder packets, wafers, injectable solutions or suspensions, 
teaspoonfiils, tablespoonfiils and the like, and segregated multiples thereof. 

In view of the usefulness of the subject compounds in the treatment of the 
disease in which cells are abnormally died, dementia, cerebral stroke, 
AIDS, diabetes, gastric ulcer, hepatic injure by hepatitis, sepsis, organ 
transplantation rejection reaction and anti-inflammation, it is evident that 
the present invention provides a method of treating the subject suffering 
from the diseases, said method comprising the local or systemic 
administration of a pharmaceutically effective amount of the compoimd of 
formula (I) or a pharmaceutically acceptable salt thereof in admixture with 
a pharmaceutical carrier. Those skilled in the treatment of the diseases 
associated could easily determine the effect amount. In general it is 
contemplated that an effective amount would be from 0.01 mg/kg to 4 
mg/kg body weight. However, it is evident to those skilled in the art that 
such amount ranges are guidelines only and are not intended to limit the 
scope or use of the invention to any extent. 

EXAMPLES 

The present invention will be described in greater detail through the 
following examples. The examples are presented for illustrating purposes 
only and should not be construed as limiting the invention which is 
properly delineated in the claims. 

(A) Hydroxamoyl chloride synthesis (Examples 1 to 4) 

Example 1: Synthesis of N-t-butoxycarbonyl-(S)-valinal and 
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N-t-butoxy-carbonyl- (S)-valmal oxime 

To a solution of dimethyl sulfoxide (11.7 mL, 3.0 eq) in dry CH2CI2 
(-200 mL) under N2 at -60 °C was added slowly oxalyl chloride (5.78 
mL, 1.2 eq). After 10 min., a solution of N-t-butoxycarbonyl-(S)-valinol 
(11.23g, 55.2 mmol) in CH2CI2 (30 mL) was added slowly, and the flask 
was rinsed with 20 mL of CH2CI2. The resulting white suspension was 
stirred for Ih at ~ -50 °C. The reaction solution was treated with 
diisopropylethylamine (28.8 mL, 3.0 eq) and stirred for about 20 min. at 
-23 °C then diluted with hexanes (400 mL). The mixture was washed with 
water(150 mL), IN-KHSO4 solution (x3, total 1 L), dried with anhydrous 
Na2S04, filtered and concentrated. The yellowish liquid obtained was used 
directly in next step without further purification. 

The crude valinal in ethanol (60 mL)-water (30 mL) at water bath 
temperature was treated with hydroxylamine hydrochloride (5.76g, 1.5 eq) 
and Na2C03 (4.39g, 0.75 eq.). The reaction generated a lot of solid in 1 
min., thus diluted with ethanol-water (1:1, 60 mL) and stirred for Ih. The 
reaction solution was poured into saturated NaCl (100 mL), then extracted 
with ethyl acetate twice (300 mL). Organic extracts were washed with 
safd NaHCOs (lOOmL x 2), dried (anh. Na2S04), filtered and concentrated 
to yield white powder (11.34g , syn,anti mixture of oximes). 

Example 2: Synthesis of (2S)-2-(t-butoxycarbonyl)amino-l-chloro-3-methyl- 
butane-l-one oxime 

N-t-butoxy-carbonyl-(S)-valinal oxime (11.34g) in DMF (100 mL) was 
treated with NCS (7.75g) and stirred in warm water bath (-40 °C) for 
Ih. After removal of DMF, the residue was extracted with ethyl 
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acetate-hexanes (1:1, 150 mL), washed with water (100 mL x 3), dried 
(anh. Na2S04), filtered and concentrated to give 13.69g of the title 
compound. 

Example 3: Synthesis of 4-(9-fluorenyImethoxycarbonyl)amino-(4S)-5- 
hydroxy-pentanoic acid t-butyl ester 



To a solution of N-(9-fluorenyhnethoxycarbonyl)- y -t-butyl glutamic acid 
(8.5 Ig, 20.0 mmol) and NMM (2.42mL, 1.1 eq) in dry THF (110 mL) 
under N2 at 0 °C was added isobutyl chloroformate (2.72mL, 1.05eq). 
After 20 min., the reaction mixture was filter-added to a solution of 
NaBH4 (1.5g) in THF (120mL)-MeOH (30 mL) at -78 °C under N2 and 
rinsed with dry THF (20mL). After stirring for 2.5h at -78 °C, the 
reaction was quenched with acetic acid (13mL). After concentrating to ~ 
50mL, the residue was dissolved in ethyl acetate-hexanes (200 mL,l:l), 
washed with water (150 mL x 2). Aqueous layer was reextracted with 
ethyl acetate-hexanes (150 mL,l:l). Combined extract was washed with 
satfd NaHCOs (150 mL x 2), dried (anhydrous NaaSO^ filtered and 
concentrated to give 8.30g of the title compound as glasslike solid. The 
crude alcohol was used directly. 



'H-NMR (500 MHz, CDCI3) B V.77 (2H, d, J-7.3Hz), 7.66 (2H, d, J = 
7.8 Hz), 7.41 (2H, t, J = 7.3 Hz), 7.31 (2H, pseudo t, J = 7.8, 7.3 Hz), 
5.18 (NH, d), 4.41 (2H, m), 4.22 (IH, m), 3.72-3.57 (3H, m), 2.33 (2H, 
m), 1.93-1.77 (2H, m), 1.45(9H, s). 



H 





C02Bu(t) 



wo 01/21599 



PCT/KR99/00561 



- 39 - 

Example 4: Synthesis of 4-(9-fluorenylmethyloxycarbonyl)ammo-(4S)-5- 
chloro-5- hydroxyimino-pentanoic acid t-butyl ester 

H N*^ 

s 

COzBud) 

To a solution of DMSO (3.0 mL) in dry CH2CI2 (100 mL) at -65°C imder 
N2 was added oxalyl chloride (2.10 mL, 1.2eq) slowly. After 15 min., a 
solution of 4-(9-fluorenyhnethyloxycarbonyl)amino-(4S)-5-hydroxypentanoic 
acid t-butyl ester (8.30 g, 20 mmol) in CH2CI2 (50 mL) was added and 
rinsed with dry CH2CI2 (20 mL). The resulting solution was stirred for 2h 
at -40 ~ -50 °C. EtN(i-Pr)2 (10.45 mL, 3.0eq) was added thereto and the 
reaction solution was slowly warmed up to -10 °C with TLC checking 
(conversion to aldehyde is relatively slow, ~lh). The reaction mixture was 
diluted with hexanes (300 mL), washed with water(150 mL), with 
IN-KHSO4 (x 3, total 500 mL), dried with anh. Na2S04, filtered and 
concentrated to give corresponding aldehyde. 

The crude aldehyde in ethanol(60 mL)-CH2Cl2 (30 mL)-water(10 mL) at 
O^C was treated with H2NOH • HCl (2.08 g, 1.5eq) and Na2C03 (1.60g, 
0.75 eq). The reaction was stirred at room temperature for 30 min., then 
water (10 mL) was added and stirred for additional Ih. The reaction was 
stirred further(lh) with additional H2NOH • HCl (400 mg) and Na2C03 
(320 mg). Most of the volatiles were removed in vacuo, and the residue 
was taken up with ethyl acetate (200 mL), washed with water(100 mL), 
sat'd NaHCOs (100 mL), dried (anh. Na2S04), filtered and concentrated to 
give the desired oxime (8.30g, syn + anti) as white powder. 
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The crude oxime in DMF (35 mL) was treated with NCS (2.67g, 20.0 
mmol). The reaction was stirred in warm (40°C) bath for Ih. After 
removal of the DMF in high vacuum rotary evaporator, the residue was 
taken up with hexane-ethyl acetate (1:1, 150 mL), washed with water (100 
mL X 3), dried (anh. Na2S04), filtered and concentrated to give the title 
compound (9.25g, syn + anti). 

•h-NMR (500 MHz, CDCb) S 8.88(1H, s), 7.75(2H, d. J = 7.3Hz), 
7.57(2H, m), 7.39(2H, t, J = 7.32Hz), 7.30 (2h, pseudo t, J = 7.8,7.3Hz), 
5.46(1H, d), J = 9.3 Hz), 4.63(1H, m), 4.43-4.38(2H, m), 4.19(1H, m), 
2.3(2H, m), 2.03(2H, m), 1.43(9H, s). (NMR data reported for major 
isomer.) 

Following compounds were similarly prepared. 

. l-chloro-3-methyl-(2S)-2-phenyhnethyloxycarbonylamino-butane- 1-one 
oxime, 

• 3-(t-butoxycarbonylamino)-(3S)-4- chloro-4-hydroxyimino-butanoic acid 
methyl ester, 

. 3-(phenylmethyloxycarbonylamino)-(3S)-4-chloro-4-hydroxyimino-butanoic 
acid t-butyl ester, and 

. 3-(9-fluorenylmethyloxycarbonylamino)-(3 S)-4-chloro-4-hydroxyimino-butan 
oic acid t-butyl ester. 

(B) Synthesis of acrylate derivatives (Examples 5 to 8) 
Example 5: Synthesis of ethyl 2-acetoxymethylaciylate 
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X 



,OAc 



"COzEt 



A solution of ethyl 2-hydroxymethyl actylate (17.3g, 133 mmol, purity ~ 
70%, ref: Villieras, J. and Rambaud, M. Synthesis, 1982, 914) in dry 
CH2CI2 (200 mL) under N2 at 0 °C was treated with acetic anhydride 
(18.8 mL, 1.5 eq) and triethyl amine (37 mL, 2.0 eq). After overnight 
stirring at room temperature, the reaction was diluted with hexanes (400 
mL), washed with sat'd NaHCOs (300 mL x 2), dried (anh Na2S04), 
filtered and concentrated. Simple distillation gave 4.6g of the title 
compound as clear Uquid. NMR analysis showed ~ 70 % purity. 

'H-NMR (500 MHz. CDCI3) 8 6.36 (IH, s), 5.84 (IH, s), 4.81(2H, s), 
4.25 (2H, q, J = 7.3 Hz), 2.11 (3H, s), 1.31 (3H, t, J = 7.3 Hz) 

Example 6: Synthesis of ethyl 2-phenoxymethylacrylate 



A solution of ethyl 2-bromomethylacrylate (2.00g, 10.4 mmol, ref: 
Villieras, J. and Rambaud, M. Synthesis, 1982, 914) and phenol(975 mg, 
l.Oeq) in dry THF (20 mL) under N2 at 0 °C was treated with anhydrous 
K2CO3 (1.43g, 1.0 mol eq). No reaction was observed for Ih. Anhydrous 
DMF (20 mL) was added and stirred for 2h at 0 °C and for Ih at room 
temperature. After evaporation of DMF, water(100 mL) was added, and the 
reaction was extiacted with ethyl acetate (100 mL x 2). The organic 
extiact was washed with brine (100 mL), dried (anh. Na2S04), filtered and 
concentrated. Flash chromatography (40% CH2Cl2/hexanes) gave 1.712g 
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(80%) of the title compound. 

'H-NMR (500 MHz, CDCb) d 7.30 (2H, yt, J = 7.3 Hz), 6.99-6.96 (3H, 
m), 6.41 (IH, s), 6.01 (IH, s), 4.78 (2H, s), 4.27 (2H, q, J = 7.33 Hz) 

Example 7: Synthesis of ethyl 2-benzylacrylate 

To a solution of bromobenzene (7.15g, 45.5 mmol) in THF (30mL) was 
added n-BuLi (16.6mL, 2.5M in Hexane, 41.4nmiol) under N2 at -78 °C. 
It was stirred for lOmin. To a suspension of CuCN (3.71g, 41.4mmol) in 
THF (30mL) was added litihiated benzene solution via cannula under N2 at 
-78 °C. The reaction mixhire was stirred for another 10 min. at -78 °C 
and ethyl 2-bromomethyl acrylate (4.00g, 20.7 mmol) in THF was added. 
The reaction mixture was wanned up to room temperature slowly and 
quenched with 2N HCl. All precipitates were filtered off and filtrate was 
diluted with hexanes (400 mL), washed with sat'd NaHCOs (300 mL x 2), 
dried (anh Na2S04), filtered and concentrated. Flash chromatography (2% 
ethyl acetate-hexanes) gave 3.04g(77%) of the titie compounds . 

^H-NMR (500 MHz, CDCI3) d 7.34-7.22 (5H, m), 6.26 (IH, s), 5.48(1H, 
s), 4.22(2H, q, J = 6.3Hz), 3.66 (2H, s), 1.29 (3H, q, J = 6.3 Hz). 

Example 8: Synthesis of ethyl 2-(4-bromophenyl)acrylate 




The title compound was prepared following the known procedure 
(Helvetica Chinuca Acta 1986, 69 2048). 
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'H-NMR (500 MHz, CDCb) d 7.46 (2H, d), 7.29 (2H, d), 6.37 (IH, s), 
5.90 (IH, s), 4.29 (2H, q), 1.33 (3H, t) 

Following compounds were similarly prepared. 
. Ethyl 2-(l-naphthyl)acrylate 



^H-NMR (500 MHz, CDCI3) 8 7.86 (2H, t, J = 7.3 Hz), 7.44 (IH, d, J 
= 8.8 Hz), 7.48-7.43 (3H, m), 7.37 (IH, d, J = 6.8 Hz), 6.70 (IH, d, J = 
2.0 Hz), 5.89 (IH, d, J = 2.0 Hz), 4.22 (2H. q, J = 7.3 Hz), 1.21 (3H, t, 
J = 7.3 Hz), 



• Ethyl 2-(2-naphfhyl)acrylate 

'H-NMR (500 MHz, CDCI3) S 7.95 (IH, s), 7.90-7.86 (3H, m), 7.59-7.52 

(3H, m), 6.47 (IH, d, J = l.OHz), 6.06 (IH, d, J = 1.0 Hz), 4.38 (2H, q, 
J = 6.8 Hz), 1.40 (3H, t, J = 6.8Hz). 

(C) General procedure for isoxazoline synthesis (Examples 9 and 10) 

Example 9: Syntiiesis of 3-((lS)-l-phenyhiiethyloxycarbonylamino-2-methyI- 
propyl)-5-phenoxymethyl-4,5-dihydro-isoxazole-5-carboxylic acid ethyl ester 
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A solution of (2S)-2-phenylmethyloxycarbonylatnino-l-chloro-3-methyl- 
butane-l-one oxime (640 mg, 2.25mmol) and ethyl 2-plienoxymethylacrylate 
(464mg) in dry ether(10 mL) under N2 at -78°C was treated with 
triethylamine (627 uL, 2.0 eq). The reaction was stirred overnight, allowing 
to warm up to room temperature slowly. Water(100 mL) was added, and 
the reaction was extracted with ethyl acetate (100 mL x 2), washed with 
water(100mL), dried (anh. Na2S04), filterd and concentrated. Flash 
chromatography (15% ethyl acetate-hexanes) gave 851mg(83%) of the title 
compounds as 1:1 mixture of diastereomers. 

'H-NMR (500 MHz, CDCI3) d 7.34(7H, m), 6.98 (IH, t, J = 7.3Hz), 
6.89 (2H, d, J = 7.7Hz), 5.61 (IH, d, J = 9.3 Hz), 5.15-5.08 (2H, m), 
4.50 (IH, br s), 4.33-4.22 (4H, m), 3.60-3.54(lH, m), 3.32-3 .27(1H, m), 
2.10 (IH, m), 1.29 (3H, m), 1.02-0.94 (6H, m). 

The following compounds were prepared similarly: 

. Ethyl 3-[(lS)-l -pheny lmethyloxycarbonylamino-2-methy 1-propyl] -5 -pheny 1- 
methyl-4,5-dihydro-isoxazole-5-carboxylate (diastereomeric) 

IH-NMR (500 MHz, CDCI3) S 7.45-7.15 (m, lOH), 5.07 (m, 2.5H), 4.90 
(d, 0.5H), 4.30-4.18 (m, 3H), 3.36-2.88 (m, 4H), 1.95-1.80 (m, IH), 1.27 
(m, 3H), 0.86-0.55 (m, 6H). 

• 3-[(lS)-l-t-butoxycarbonylamino-2-methyl-propyl]-5-(2-naphthyl)-4,5-di- 
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hydro-isoxazole-5-carboxylic acid ethyl ester 



Boc— N. 



H 




'H-NMR (500 MHz, CDCI3) § 7.97(1H, s), 7.86-7.82 (3H, m), 7.52-7.48 
(3H, m), 4.93 (IH, br), 4.37 (IH, m), 4.25 -4.18 (2H, m), 4.10-4.05 (IH, 
two doublets, J=17.1, 17.6 Hz), 3.28-3.22 (IH, two doublets, J = 17.1, 
17.1 Hz), 2.05 (IH, m), 1.43 ((H, s), 1.24-1.20 (3H, m), 0.98-0.91 (6H, 
m). 

. 3-[( IS)- l-t-butoxycarbonylammo-2-methyl-propyl]-5-phenyhnethyl-4,5-dihyd 
ro- i-soxazole-5-carboxylic acid ethyl ester (-1:1 diastereomers) 



'H-NMR (500 MHz, CDCI3) S 7.25 (5H, m), 4.82 and 4.60 (IH, two m), 
4.25-4.15 (3H, m), 3.38-3.29 (2H, m), 3.10 (IH, m), 2.90 (IH, m), 1.43 
and 1.42 (9H, two s), 1.27 (3H, m), 0.90-0.80 (6H, m). 

• 5 -acetoxymethyl-3 -[( 1 S)- 1 -t-butoxy-carbonylamino-2-methyl-propyl]-4,5 -di- 
hydro-isoxazole-5-carboxylic acid ethyl ester 





^H-NMR (500 MHz, CDCI3) S 4.93 (IH, br), 4.44-4.26 (5H, tn), 3.50 
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(IH, m), 3.10 (IH, m), 2.08 (4H, s + br IH), 1.46 (9H, s), 1.32-1.30 
(3H, m), 1.02-0.96 (6H, m). 

Example 10: Synthesis of 3-[(lS)-l- (9-fluorenylmethyloxycarbonylamino)- 
3-t-butoxycarbonyl-propyl]-5-methyl-4,5-dihydro-isoxazole-5-carboxylic acid 
methyl ester 



A solution of 4-(9-fluorenylmethoxycarbonyl)amino-(4S)-5-chloro-5-hydroxy- 
imino-pentanoic acid t-butyl ester (3.44g, 7.50 mmol) and methyl 
methacrylate (2.40mL, 3.0 eq) in dry etiier under N2 at -78 °C was 
treated with EtN(i-Pr)2 (1.96mL, 1.5eq). Similar treatment as described 
previously followed by flash chromatography with 25-30% ethyl 
acetate/hexanes gave 3.46g (89% overall) of the title compound as 
diastereomeric mixture. 

'H-NMR (500 MHz, CDCI3) S 7.77 (2H, d, J=7.3Hz), 7.59 (2H, d, J 
=7.3Hz), 7.40 (2H, t, J = 7.3Hz), 7.31 (2H, t, J =7.3 Hz). 5.34 (IH, m), 
4.58-4.38 (3H, m), 4.21 (IH, m), 3.78 (3H, s), 3.48 (IH, m), 2.90-2.81 
(IH, m), 2.42-2.27 (2H, m), 2.18 (IH, m), 1.93 (IH, m), 1.63 (3H, s), 
1.45 (9H, s) 

(D) Transformations of isoxazolines (Deprotection, Introduction of P4 
group. Hydrolysis of ester group) (Examples 11 and 12) 




C02Bu(t) 



Example 11: Synthesis of 3-{2-methyl- (lS)-l-(naphthalene-2-carbonyl- 
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ammo)-propyl}-5-phenoxymethyl-4,5-<iihydro-isoxazole-5-carboxylic acid 
ethyl ester 



A solution of 3-{(lS)-l-(t-butoxycarbonylamino)-2-methyl-propyl}-5- 
phenoxy-methyl-4,5-dihydro-isoxazole-5-carboxylic acid ethyl ester (2.00g, 
4.76 mmol) in dry CH2CI2 (10 mL) at 0°C under N2 was treated with 
TFA (6 mL) and stirred for 1.5h. After removal of volatiles, the residue 
was taken up with ethyl acetate (200 mL), washed with sat'd NaHCOa 
(100 mL X 2), dried (anh Na2S04), filtered and concentrated. To a solution 
of the crude product, EDC (1.09g, 1.2 eq), 2-naphthoic acid (983 mg, 1.2 
eq) and HOBt (771 mg, 1.2 eq) in DMF (20 mL) at 0°C was added 
triethylamine (663 uL, 1.0 eq). The reaction was stirred overnight at room 
temperature. After removal of volatiles in vacuo, the residue was taken up 
with ethyl acetate (250 mL), washed with water(100 mL), sat'd NaHCOa 
(100 mL X 2), dried (anh Na2S04), filtered and concentrated. Flash 
chromatography with 25-33% ethyl acetate/hexanes gave 2.04g (90%) of 
the title compoimd. 

^H-NMR (500 MHz, CDCI3) S 8,30 (lH,s), 7.93-7.84 (4H, m), 7.58-7.52 
(2H, m), 7.29-7.22 (2H, m), 7.00-6.81 (4H, m), 5.06-5.01 (IH, m), 
4.36-4.24 (4H, m), 3.68-3.61 (IH, m), 3.43-3.39 (IH, m), 2.28 (IH, m), 
1.31-1.26 (3H, m), 1.12-1.05 (6H, m). 

Hydrolysis of isoxazoline 5-carboxylic acid ester: The above compound 

(2.04g) in distilled THF (40 mL) (not completely soluble) was treated with 
lN-NaOH(5.2 mL, 1.2 eq). After 4h (-50% completion), additional 




wo 01/21599 



PCT/KR99/00561 



- 48 - 



IN-NaOH (1.0 mL) was added. After overnight stirring, the reaction was 
neutralized with concentrated IN-HCl. The residue was taken up with 
CH2CI2 (>700 mL), washed with water, dried (anh Na2S04), filtered and 
concentrated to give 1.948g (103%) of the free carboxylic acid, which was 
used directly in next step. 

The following compounds were prepared similarly; 

. 3-{2-methyl-(lS)-l-(naphthalene-l-carbonylamino)-propyl}-5-phenoxymethyl 
-4,5-dihydro-isoxazole-5-carboxylic acid ethyl ester 



^H-NMR (500 MHz, CDCI3) § 8.23 (IH, d, J = 8.3 Hz), 7.93-7.86 (2H, 

m), 7.66 (IH, m), 7.54-7.42 (3H, m), 7.29-7.25 (2H, m), 7.00-6.90 (3H, 

m), 6.49 (IH, m), 5.13-5.09 (IH, m), 4.40-4.26 (4H, m), 3.69-3.64 (IH, 
m), 3.44-3.41 (IH, m), 2.28 (IH, m), 1.32-1.01 (9H, m). 

. 3-{2-methyl-(lS)-l-(naphthalene-2-carbonylamino)-propyl}-4,5-dihydro-isoxa 
zole-5-carboxylic acid ethyl ester 



'H-NMR (500 MHz, CDCI3) d 8.30 (IH, s), 7.94-7.83 (4H, m), 7.59-7.53 
(2H, m), 6.80-6.70 (NH, two d), 5.07-5.03 (2H, m), 4.28-4.21 (2H, m), 
3.37-3.33 (2H, m), 2.28 (IH, m), 1.34-1.25 (3H, m), 1.12-1.02 (6H, m). 
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. 3-[(lS)-l-(l-naphthalenecarbonylammo)-2-methyl-propyl]-5-phenylmethyl-4, 
5- dihydro-isoxazole-5-carboxylic acid ethyl ester (diastereomeric) 

'H-NMR (500 MHz, CDCI3) § 8.28 (d, J = 7.8 Hz, IH), 7.94-7.86 (m, 
2H), 7.61-7.11 (m, 9H), 6.36 (d, J = 9.3 Hz, 0.5H), 6.09 9d, J = 9.3 Hz, 
0.5H), 4.94-4.85 (m, IH), 4.27-4.21 (m, 2H), 3.49-2.98 (m, 4H), 2.15 & 
1.97 (two m, IH), 1.30-1.26 (m, 3H), 1.03-0.59 (m, 6H). 

. Ethyl 3-[(lS)-l-phenethylcarbonylamino-2-methyl-propyl]-5-phenyl- 
inethyl-4,5-dihydro-isoxazole-5-carboxylate (diastereomeric) 

^H-NMR (500 MHz, CDCI3) § 7.28-7.17 (m, lOH), 5.74 & 5.50 (two d, 
J = 9.3 Hz, NH), 4.58-4.52 (m, IH), 4.24-4.20 (m, 2H), 3.34-3.25 (m, 
2H), 3.11-2.82 (m, 4H), 2.52-2.45 (m, 2H), 1.93 &1.75 (two m, IH), 
1.29-1.25 (m, 3H), 0.79-0.41 (m, 6H). 

. 3-[( 1 S)- 1 -( 1 -naphthaIenesulfonylaniino)-2-methyl-propyl]-5-phenyhnethyl-4,5 
-dihydro-isoxazole-5-carboxylic acid ethyl ester (diastereomeric) 

'H-NMR (500 MHz, CDCI3) S 8.68-8.64 (m, IH), 8.29-8.25 (m, IH), 
8.07 (m, IH), 7.93 (m, IH), 7.71-7.52 (m, 3H), 7.23-6.98 (m, 5H), 5.27 
& 5,19 (two m, IH), 4.12-4.07 (m, 2H), 3.75 & 3.66 (two m, IH), 
3.16-2.43 (m, 4H), 1.77-1.62 (m, IH), 1.25-1.16 (m, 3H), 0.86-0.57 (m, 
6H). 

. 3-[(lS)-l-(indole-3-yl-ethylcarbonylamino)-2-methyl-propyl]-5-phenyhnethyl- 
4,5 -dihydro-isoxazole-5-carboxylic acid ethyl ester (diastereomeric) 
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'H-NMR (500 MHz, CDCI3) d 8.16-8.12 (m, IH), 7.62-7.56 (m, IH), 
7.36-6.94 (m, 9H), 5.71 (d, J = 9.3 Hz, O.SH), 5.42 (d, J = 8.8 Hz, 
0.5H), 4.56-4.50 (m, IH), 4.25-4.17 (m, 2H), 3.30-2.51 (m, 8H), 1.89-1.70 
(m, IH), 1.28-1.24 (m, 3H), 0.73-0.41 (m, 6H). 

. 3-[(lS)-l-(indole-3-yl-methylcarbonylamino)-2-methyl-propyl]-5-phenylineth 
yl-4,5 -dihydro-isoxazole-5-carboxylic acid ethyl ester (diastereomeric) 

'H-NMR (500 MHz, CDCI3) 8 8.56 & 8.52 (two br s, IH), 7.55-7.05 
(m, lOH), 5.98-5.91 (m, IH), 4.57 (m, IH), 4.22-4.15 (m, 2H), 3.73 (m, 
2H), 3.28-2.79 (m, 4H), 1.87-1.68 (m, IH), 1.27-1.20 (m, 3H), 0.75-0.34 
(m, 6H). 

. 3-[(lS)-l-(cmnamoylammo)-2-methyI-propyl]-5-phenylmethyl-4,5-dihydro-is 
oxazole-5-carboxylic acid ethyl ester (diastereomeric) 

'H-NMR (500 MHz, CDCb) S 7.61-7.23 (m, IIH), 6.40-6.34 (m, IH), 
6.06 (d, J = 8.8 Hz, O.SH), 5.81 (d, J = 9.3 Hz, O.SH), 4.76-4.69 (m, 
IH), 4.26-4.19 (m, 2H), 3.42-2.94 (m, 4H), 2.06 & 1.88 (two m, IH), 
1.28-1.24 (m, 3H), 0.93-0.57 (m, 6H). 

. 3-[(lS)-l-(phenylmethylsufonylamino)-2-methyl-propyl]-5-phenylmethyl-4,5- 
dihydro-isoxazole-5-carboxylic acid ethyl ester (diastereomeric) 

'H-NMR (500 MHz, CDCI3) § 7.35-7.16 (m, lOH), 4.66-4.61 (m, IH), 
4.25 (m, 2H), 4.11-3.84 (m, 3H), 3.71-2.82 (m, 4H), 1.80 & 1.70 (two m, 
IH), 1.28 (m, 3H), 0.85-0.58 (m, 6H). 



. 3-[2-methyl-(lS)-l-amino-propyl]-5-(2-naphthyl)-4,5-dihydro-isoxazole-5-car 



wo 01/21599 



PCT/KR99/00561 



- 51 - 



boxylic acid ethyl ester (-1.3:1 diastereomers) 




'H-NMR (500 MHz, CDCb) § 7.99 (IH, s), 7.86-7.82 (3H, m), 7.53-7.49 
(3H, m), 4.25-4.02 (3H, m), 3.55-3.48 (IH, two d, J = 7.3, 6.8Hz), 3.35 
(0.45H, d, J=17.1 Hz), 3.19 (0.55H, d, J = 17.1Hz), 1.78 (IH, m), 1.22 
(3H, t, J = 7.3 Hz), 0.96-0.82 (6H, m) 

Example 12: Synthesis of 3-{(lS)-l- (2-naphthoylamino)-3-t-butoxycarbonyl- 
propyl}-5-methyl-4,5-dihydro-isoxazole-5-carboxylic acid methyl ester 



A solution of 3-[(lS)-l-(9-fluorenylmethyloxycarbonylamino)-3-t-butoxy- 
carbonyl-propyl]-5-methyl-4,5-dihydro-isoxazole-5-carboxylic acid methyl 
ester (440mg, 0.842 mmol) in DMF (8.0 mL) at room temperature was 
treated with piperidine (2.5 mL) for 5 min. After concentration, the residue 
was dissolved in DMF (10 mL), and treated with 2-naphthoic acid (174 
mg, 1.2 eq), EDC (210 mg, 1.3 eq), HOBt (148 mg, 1.3 eq) and 
triethylamine (0.35 mL, 3.0 eq), then stirred overnight (0°C toroom 
temperature). Usual workup followed by chromatography gave 133 mg of 
the title compound and 260 mg (-50% purity) mixture. 




C02Bij(t) 



*H-NMR (500 MHz, CDCI3) § 8.33 (IH, s), 7.92-7.83 (4H, m), 7.58-7.48 
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(2H, m), 7.34 (IH, d, J=7.8Hz), 5.04 (IH, m), 3.78 and 3.74 (3H, two s), 
3.62-3.53 (IH, two d, J=17.1, 17.6Hz), 3.00-2.96 (IH, two d, J =17.1, 
17.6 Hz), 2.56-2.08 (4H, m), 1.63 and 1,59 (3H, two s), 1.41 and 1.40 
(9H, two s) 

(E) Synthesis of aspartic acid derivatives (Examples 13 to 18) 

Example 13: Synthesis of N-phenylmethyloxycarbonyl- ^ -t-butyl aspartic 
acid (N-methoxy) methyl amide 

I 0CH3 

A solution of N-benzyloxycarbonyl- ^ -t-butyl aspartic acid (2.0g, 6.2 
mmol), N,0-dimethylhydroxylamine hydrochloride (724 mg, 1.2 eq) and 
HOBt (l.OOg, 1.2 eq) in DMF (20 mL) at 0°C was treated with EDC 
(1.42g, 1.2 eq) and triethylamine (1.29 mL, 1.5 eq). After overnight 
stirring (0°C toroom temperature), the reaction was diluted with 
water(lOOmL), extracted with ethyl acetate-hexanes (1:1, 100 mL x 2), 
washed with water(100 mL), dried (anh NaaSOA), filtered and concentrated. 
Flash chromatography with ethyl acetate-hexanes (3:7) gave 2.03 9g (90%) 
of the title compound. 

'H-NMR (500 MHz, CDCI3) S 7.36-7.31 (5H, m), 5.70 (IH, br), 
5.16-5.08 (3H, m), 3.80 (3H, s), 3.23 (3H, s), 2.74-2.71(lH, m), 2.59 
-2.57 (IH, m), 1.43 (9H, s). 

Example 14: Synthesis of ^-t-butyl aspartic acid N,0-dimethylhydroxyl- 

amine amide 
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0CH3 

"^COztBu 



Conventional hydrogenolysis of N-phenylmethyloxycarbonyl- ^ -t-butyl 
aspartic acid (N-methoxy)methyl amide (H2 balloon, 10% Pd/C, EtOH) 
gave the title compound (100%). 

^H-NMR (500 MHz, CDCI3) § 4.13 (IH, m), 3.77 (3H, s), 3.22 (3H, s), 
2.71-2.67 (IH, m), 2.42-2.38 (IH, m), 1.46 (9H, s) 



Example 15: Synthesis of N-phenyhnethyloxycarbonyl- ^ -t-butyl aspartic 
acid methyl ester 

H 

'^COztBu 

Treatment of N-benzyloxycarbonyl- ^ -t-butyl aspartic acid with 
diazomethane/ ether gave the desired methyl ester (100%). 



^H-NMR (500 MHz, CDCI3) S 7.35-7.27 (5H, m), 5.75 (IH, d), 5.13 
(2H, s), 4.60 (IH, m), 3.75 (3H, m), 2.90 (IH, m), 2.76 (IH, m), 1.42 
(9H, s). 



Example 16: Synthesis of ^-t-butyl aspartic acid methyl ester 
hydrochloride 



Conventional hydrogenolysis of N-phenyhnethyloxycarbonyl- ^ -t-butyl 
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aspartic acid methyl ester (H2 balloon, 10% Pd/C, EtOH-HCl) gave the 
desired product as hydrochloride salt. 

Example 17: Synthesis of (3S)-3-phenyhnethyloxycarbonylamino-4- 
hydroxy-5-phenoxy-pentanoic acid t-butyl ester 



A solution of N-phenyknethyloxycarbonyl- ^ -t-butyl-aspartic acid (5.03g, 
15.6 mmol), NMM (1.90 mL, 17.1 mmol) in dry THF (60 mL) under N2 
at -15°C was treated with isobutyl chloroformate (2.12 mL, 16.3 mmol) 
and the resulting suspension was stirred for 20 min. To the mixture at 0°C 
was added dry diazomethane/ether (synthesized from 2.0 eq of 
l-methyl-3-nitro-l- nitroso-guanidine, 60 mL) and stirred for 30 min. 
When the diazo ketone synthesis was completed (TLC analysis), 30% 
HBr/AcOH (6.42 mL, 2.0 eq) was introduced thereto (stirred for 30-60 
min.) at 0°C. The reaction was extracted with ethyl acetate, washed with 
sat'd NaHC03 (x 2), brine, dried (anh. Na2S04), filtered and concentrated 
to give bromomethyl ketone derivative (6.4g). 

The bromomethyl ketone(4.36g) and phenol (1.13g, 1.1 eq) m DMF (18 
mL) at room temperature was treated with freshly dried KF (1.58g, 2.5 
eq) and stirred for 2 h. Usual extractive workup gave crude phenoxy 
ketone. The crude phenoxy ketone in methanol (20 mL) at -78 °C was 
treated with NaBH4 (412 mg) in MeOH (40 mL) (78 °C toroom 
temperature, 2h). The reaction was quenched with acetic acid. Usual 
extractive workup followed by flash chromatography (ethyl acetate-hexanes 
= 1:5) gave 2.58g (57%) of the title compound as diastereomeric mixture. 



H 



OH 
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'H-NMR (500 MHz, CDCI3) S 7.36-7.26 (7H, m), 6.98-6.87 (3H, m), 
5.71-5.53 (NH, two d), 5.10 (2H, s), 4.24-3.92 (4H, m), 2.70-2.63 (2H, 
m), 1.44 and 1.43 (9H, two s). 

Following compound was prepared similarly: 

. (3S)-3-phenylmethyloxycarbonylamino-4-liydroxy-5-(l-naphthyl)oxy-pentano 
ic acid t-butyl ester 



'H-NMR (500 MHz, CDCI3) § 8.21 (IH, m), 7.80 (IH, m), 7.50-7.33 
(9H, m), 6.80 (IH, m), 5.73 and 5.55 (IH, two d, J = 8.3 Hz), 5.10 (2H, 
s), 4.30-4.15 (4H, m), 2.76-2.69 (2H, m), 1.44 (9H, s). 

Example 18: Synthesis of (3S)-3-amino-4-hydroxy-5-phenoxy-pentanoic acid 
t-butyl ester 



Conventional hydrogenolysis of (3S)-3-phenyhnethyloxycarbonylamino- 
4-hydroxy-5-phenoxy-pentanoic acid t-butyl ester (H2 balloon, Pd/C, EtOH) 
gave the desired product (100%). 




OH 




'H-NMR (500 MHz, CDCI3) S 7.29-7.26 (2H, m), 6.97-6.90 (3H, m), 
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4.08-3.82 (3H, m), 3.43 (IH, m), 2.63-2.37 (2H+NH2+OH, m), 1.46 and 
1.45 (9H, two s). 

The following compound was prepared similarly: 
. (3S)-3-amino-4-liydroxy-5-(l-naphthyl)oxy-pentanoic acid t-butyl ester 



'H-NMR (500 MHz, CDCI3) S 8-22 (IH, m), 7.80 (IH, m), 7.50-7.34 
(4H, m), 6.84 (IH, m), 4.26-4.20 (2H, m), 4.03-3.94 (IH, m), 3.51 (IH, 
m), 2.70-2.40 (2H, m), 1.47 and 1.46 (9H, two s). 

(F) Coupling of isoxazoline derivatives and aspartic acid derivatives and 
further transformations thereof (Examples 19 to 24). 

Example 19: Synthesis of (2S)-2-{3-[(lS)-l-phenyhnethyloxycarbonyl- 
amino-2-methyl-propyl]-5-phenoxymethyl-4,5-dihydro-isoxazole-5-carbonyl-ami 
no}-succinic acid 4-t-butyl ester l-(N-methyl-N-methoxy) amide 



A solution of 3-[(lS)-l-phenylmethyloxycarbonylamino-2-methyl-propyl]-5- 
phenoxymethyl-4,5-dihydro-isoxazole-5-carboxyUc acid ethyl ester (502mg, 
1.10 mmol) in THF (6.6 mL) was treated with IN-NaOH (1.33mL). After 
stirring for 2.5h at room temperature, the reaction was quenched with 
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IN-HCl (1.33 mL), then concentrated in vacuo. The residue together with 
safd NaCl(50 mL+ 2-3 mLo]lN-HCl) was extracted with ethyl acetate 
(100 mL X 2), dried (anh Na2S04), filtered and concentrated to give 
476mg (101 %) of 3-[(lS)-l-phenylmethyl-oxycarbonylainino-2-methyl- 
propyl]-5-phenoxymethyl-4,5-dihydro-isoxazole-5-carboxylic acid. 

The crude acid (320 mg, 0.75 mmol) and /j-t-butyl aspartic acid 
N-methyl- (N-methoxy) amide (209 mg, 1.2 eq) in DMF (5mL) at 0°C 
was treated with HOBt (122mg, 1.2 eq), EDC (172mg, 1.2 eq) and 
triethylamine (0.31 mL, 3.0 eq) and stirred for 3h (0°C to room 
temperature). Concentration, conventional workup followed by flash 
chromatography gave less polar isomer (160mg) and more polar isomer 
(213mg, 33%). 

More polar isomer: *H-NMR (500 MHz, CDCI3) 8 7.64 (IH, d), 
7.35-7.24 (7H, m), 6.95 (IH, t, J = 7.3 Hz), 6.88 (2H, d, J = 7.8 Hz), 
5.55 (IH, d), 5.18-5.08 (3H, m), 4.44 (IH, m), 4.32-4.25 (2H, m), 3.75 
(3H, s), 3.32-3.25 (2H, m), 3.12 (3H, s), 2.77-2.71(lH, m), 2.62-2.56 (IH, 
m), 2.12 (IH, m), 1.44 (9H, s), 1.03-0.91 (6H, m). 

Less polar isomer: ^H-NMR (500 MHz, CDCI3) S 7.65 (IH, d, J = 8.3 
Hz), 7.36-7.23 (7H, m), 6.95 (IH, t, J = 7.3 Hz), 6.88 (2H, d, J = 8.3 
Hz), 5,19-5.11 (4H, m), 4.46 (IH, m), 4.33-4.22 (2H, ABq, J =10.3 Hz), 
3.75 (3H, s), 3.33 (2H, s), 3.23 (3H, s), 2.73 (IH, m), 2.57 (IH, m), 2.07 
(IH, m), 1.43 (9H, s), 1.03-0.92 (6H, m). 

Example 20: Synthesis of (3S)-3-{3-[(lS)-l-phenybnethyloxycarbonyl- 
amino-2-methyl-propyl]-5-phenoxymethyl-4,5-dihydro-isoxazole-5-carbonyl-ami 
no}-4-keto-pentanoic acid t-butyl ester 
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Cbz— N, 



H 




)Ph 

I 9 



N:o2Bu(t) 



The title compovind was obtained from treatment of excess MeMgBr (3.0M 
in ether, > 3.0 eq) to a solution of less polar isomer of (2S)-2-{3-[(lS)-l- 
phenylmethyloxycarbonylamino-2-methyl-propyl]-5-phenoxymethyl-4,5-dihydro 
-isoxa-zole-5-carbonyl-amino}-succinic acid 4-t-butyl ester l-(N-methyl- 
N-methoxy) amide (110 mg, 0.17 mmol) in THF (5 mL) + LiCl satuated 
THF (2 mL) at 0°C - room temperature (44mg, 43%). 

From less polar isomer: 'H-NMR (500 MHz, CDCI3) § 8.00 (IH, d, J = 
9.3 Hz), 7.36-7.24 (7H, m), 6.96 (IH, t, J = 7.2 Hz), 6.87 (2H, d, J = 
8.3 Hz), 5.26 (IH, d, J = 8.8 Hz), 5.12-5.09 (2H, m), 4.66 (IH, m), 4.43 
(IH, d, J= 9.8 Hz), 4.21 (IH, d, J = 9.8 HzO, 3.37-3.19 (2H, ABq, J = 
18.0 Hz), 2.88 (IH, m), 2.58 (IH, m), 2.25 (3H, s), 2.03 (IH, m), 1.42 
(9H, s), 0.99-0.89 (6H, m). 

Similar treatment of more polar isomer of (2S)-2-{3-[(lS)-l-phenylmethyl- 
oxy-carbonylamLtio-2-methyl-propyI]-5-phenoxymethyl-4,5-dihydro-isoxazole-5- 
carbonyl-amino}-succinic acid 4-t-butyl ester l-(N-methyl-N-methoxy) amide 
(135 mg) gave 52mg (41%) of the corresponding methyl ketone. 

Example 21: Synthesis of (2S)-2-{3-[2-methyl-(lS)-l-(naphthalene-2- 
carbonyl-amino)-propyl]-5-phenyImethyl-4,5-dihydro-isoxazole-5-carbonyl-amin 
o}-succinic acid 4-t-butyl ester 1-methyl ester 
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A solution of 3-[2-methyl-(lS)-l-(naphthalene-2-carbonylamino)-propyl]-5- 
phenyl- methyl-4,5-dihydro-isoxazole-5-carboxylic acid (2.14g, 5.07 mmol), 
aspartic acid y^-t-butyl ester methyl ester hydrochloride (1.46g, 1.2 eq), 
EDC (1.17g, 1.2 eq) and HOBt (822 mg, 1.2 eq) in DMF (19 mL) was 
treated with triethylamine (2.12 mL, 3.0 eq), and stirred overnight. 
Conventional workup followed by flash chromatography (40-50% ethyl 
acetate-hexanes) gave the titie compound (2.94g, 94%)as a white foam. 

'H-NMR (500 MHz, CDCI3) § 8.30 and 8.25 (IH, two s), 7.96-7.79 (4H, 
m), 7.65-7.54 (3H, m), 7.31-7.18 (5H, m), 6.76 (0.5H, d, J = 9.3 Hz), 
6.43 (0.5H, d, J = 8.8 Hz), 4.96-4.70 (2H, m), 3.71 and 3.60 (3H, two s), 
3.45-3.14 (4H, m), 3.08-2.34 (2H, rn), 2.15 (IH, m), 1.47 and 1.44 (9H, 
two s), 1.04-0.88 (6H, m). 

The above compound was hydrolyzed following previously described 
method (IN-NaOH in THF) to obtain coresponding carboxylic acid (100%). 

The following esters and free carboxylic acids were prepared similarly. 

. (2S)-2-{3-[2-methyl-(lS)-l-(naphthalene-2-carbonylamino)-propyl]-5-phen- 
oxy-methyl-4,5-dihydro-isoxazole-5-carbonyl-amuio}-succinic acid 4-t-bulyl 
ester 1 -methyl ester 
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OPh 



^COzBuCt) 



^H-NMR (500 MHz, CDCI3) § 8.33 and 8.30 (IH, two s), 7.95-7.74 (5H, 
m), 7.59-7.53 (2H, m), 7.28-7.22 (2H, m), 6.99-6.89 (3.5H, m), 6.71 
(0.5H, d, J = 8.8 Hz), 5.08-5.01 (IH, m), 4.83-4.79 (IH, m), 4.39-4.29 
(2H, m), 3.76 and 3.64 (3H, two s), 3.44 (2H, s), 2.97-2.93 (IH, m), 
2.74-2.69 (IH, m), 2.34-2.23 (IH, m), 1.45 and 1.42 (9H, two s), 
1.15-1.01 (6H, m). 

Hydrolysis of above compound gave free carboxylic acid. 

. (2S)-2-{3-[(lS)-l-(phenylmethyloxycarbonyl)-amino-2-methyl-propyl]-4,5-di 
hydro-isoxazole-5-carbonyl-amino}-succinic acid 4-t-butyl ester 1 -methyl 
ester 



'H-NMR (500 MHz, CDCI3) S 1.59-1 A9 (IH, m), 7.38-7.32 (5H, m), 
5.25-4.95 (4H, m), 4.86 (IH, m), 4.48 (IH, m), 3.76 and 3.67 (3H, two 
s), 3.29 (2H, m), 2.92 (IH, m), 2.71-2.62 (IH, m), 2.04 (IH, m), 1.48 
(9H, s), 1.01-0.85 (6H, m) 

. (2 S)-2- { 3 - [( 1 S )- 1 -phenethy lcarbonylamino-2-methyl-propyl] -5 -phenylmethyl- 
4,5-dihydro-isoxazole-5-carbonylamino}-succinic acid 4-t-butyl ester- 1 -methyl 
ester (diastereomeric) 




wo 01/21599 



PCT/KR99/00561 



- 61 - 

'H-NMR (500 MHz, CDCI3) 8 7.56 (d, J = 8.3 Hz, 0.5H), 7.47 (d, J = 
9.3 Hz, 0.5 H), 7.28-7.18 (m, lOH), 5.83 & 5.44 (two d, J = 8.8 Hz, 
IH), 4.70-4.52 (m, 2H), 3.68 & 3.65 (two s, 3H), 3.33-2.28 (m, lOH), 
1.89 (m, IH), 1.43 & 1.42 (two s, 9H), 0.79-0.63 (m, 6H). 

. (2S)-2-{3-[(lS)-l-(l-naphthalenecarbonylamino)-2-methyl-propyl]-5-phenylm 
ethyl-4,5-dihydro-isoxazole-5-carbonylammo}-succinic acid 4-t-butyl ester- 
1 -methyl ester (diastereomeric) 

^H-NMR (500 MHz, CDCI3) § 8.27 (m, IH), 7.92-7.85 (m, 2H), 
7.61-7.15 (m, lOH), 6.45 & 6.05 (two d, NH), 4.99-4.85 (m, IH), 4.70 
(m, IH), 3.69 & 3.52 (two s, 3H), 3.50-2.32 (m, 6H), 2.12 (m, IH), 1.40 
& 1.39 (two s, 9H), 1.05-0.80 (m, 6H). 

. (2S)-2-{3-[(lS)-l-(l-naphthalenesulfonylainino-2-methyl-propyl]-5-phenylmet 
hyI-4,5-dihydro-isoxazole-5-carbonylamino}-succinic acid 4-t-butyl ester- 1- 
methyl ester (diastereomeric) 

'H-NMR (500 MHz, CDCI3) S 8.69-8.62 (m, IH), 8.33-7.94 (m, 3H), 
1.10-1 Al (m, 3H), 7.20-7.05 (m, 5H), 5.32 & 5.15 (two m, IH), 4.68 & 
4.54 (two m, IH), 3.85 & 3.59 (two m, IH), 3.82 & 3.62 (two s, 3H), 
3.23-1.75 (m, 7H), 1.40 & 1.34 (two s, 9H), 0.85-0.48 (m, 6H). 

. (2S)-2-{3-[(lS)-l-phenylmethyloxycarbonylamino-2-methyl-propyl]-5-phenyl 
methyl-4,5-dihydro-isoxazole-5-carbonylamiiio}-succinic acid 4-t-butyl ester- 
1 -methyl ester (diastereomeric) 



^H-NMR (500 MHz, CDCI3) 8 7.53-7.49 (two d, IH), 7.35-7.25 (m. 
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lOH), 5.09-5.07 (m, 2.5 H), 4.88 (d, 0.5 H), 4.69 (m, IH), 4.34 & 4.23 

(two m, IH), 3.68 &3.63 (two s, 3H), 3.36-2.23 (m, 6H), 1.89 & 1.70 
(two m, IH), 1.42 & 1.40 (two s, 9H), 0.88-0.73 (m, 6H). 

. (2S)-2-{3-[(lS)-l-(indole-3-yl-ethylcarbonylammo)-2-methLyl-propyl]-5-pheny 
lmethyl-4,5-dihydro-isoxazole-5-carbonylainino}-succimc acid 4-t-butyl ester- 
l-methyl ester (diastereomeric) 

^H-NMR (500 MHz, CDCI3) § 8.54 & 8.38 (two br s, IH), 7.62-6.97 
(m, IH), 5.83 (d, J = 8.8 Hz, 0.5H), 5.20 (d, J = 9.3 Hz, 0.5H), 
4.73-4.69 (m, IH), 4.61 & 4.48 (two m, IH), 3.71 & 3.59 (two s, 3H), 
3.28-2.26 (m, lOH), 1.87-1.75 (m, IH), 1.43 &1.42 (two s, 9H), 0.78-0.50 
(m, 6H). 

. (2S)-2-{3-[(lS)-l-(indole-3-yl-methylcarbonylamino)-2-methyl-propyl]-5-phe 
nylmethyl-4,5-dihydro-isoxazole-5-carbonylamino}-succimc acid 4-t-butyl- 
ester-l-methyl ester (diastereomeric) 

'H-NMR (500 MHz, CDCI3) § 8.37 & 8.26 (two br s, IH), 7.54-7.12 
(m, IIH), 5.95 (d, J = 8.8 Hz, 0.5H), 5.76 (d, J = 1.5 Hz, 0.5H), 
4.68-4.51 (m, 2H), 3.78-3.68 (m, 2H), 3.66 & 3.62 (two s, 3H), 3.28-2.21 
(m, 6H), 1.80 (m, IH), 1.41 & 1.37 (two s, 9H), 0.75-0.46 (m, 6H). 

. (2S)-2-{3-[(lS)-l-(ciimainoylamiiio)-2-methyl-propyl]-5-phenylinethyl-4,5-di 
hydro-isoxazole-5-carbonylamino}-succiiiic acid 4-t-butyl ester- 1 -methyl ester 
(diastereomeric) 



'H-NMR (500 MHz, CDCI3) S 7.63-7.25 (m, 12H), 6.43-6.32 (two d, J 
= 15.6 Hz, IH), 6.09 & 5.68 (two d, J = 9.3 Hz, IH), 4.78-4.70 (m, IH), 
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3.69 & 3.68 (two s, 3H), 3.35-2.31 (m, 6H), 2.03 (m, IH), 1.43 & 1.40 
(two s, 9H), 0.92-0.76 (m, 6H). 

. (2S)-2-{3-[(lS)-l-(phenylmethylsulfonylammo)-2-methyl-propyl]-5-phenylme 
thyl-4,5-dihydro-isoxazole-5-carbonylamino}-succinic acid 4-t-butyl ester- 
1 -methyl ester (diastereomeric) 

'H-NMR (500 MHz, CDCI3) S 7.67 & 7.60 (two d, J = 8.8 Hz, IH), 
7.40-7.17 (m, lOH), 3.71 & 3.55 (two s, 3H), 3.37-2.23 (m, 6H), 1.70 (m, 
IH), 1.42 & 1.47 (two s, 9H), 0.91-0.65 (m, 6H). 

Example 22: Synthesis of (3S)-3-{3-[2-methyl-(lS)-l-(naphthalene-2- 
carbonyl-amino)-propyl]-5-phenyhnethyl-4,5-dihydro-isoxazoIe-5-carbonyl-amin 
o}-4-keto-5-(2,6-dichlorobenzoyloxy)-pentanoic acid-t-butyl ester 



A solution of (2S)-2-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl- 
propyI]-4,5-dihydro-5-phenylmethyl-isoxazole-5-carbonyl-amino}-succinic acid 
4-t-butyl ester (2.86g, 4.75 mmol) and NMM (0.57 mL, 1.1 eq) in dry 
THF (x mL) under N2 at 0°C was treated with isobutyl chlroformate (0.65 
mL, 1.05eq), and stirred for 20 min. To the solution at 0°C was added 
diazomethane, and stirred for 30 min. (TLC analysis). Additional 
diazomethane was needed to complete the reaction(lh). After completion of 
the diazoketone formation, 30% HBr/AcOH (4.0 mL, 4.0 eq) was added at 
0 oC and the reaction was stirred for Ih. The reaction was extracted with 
ethyl acetate (x2) and the organic layer was washed with water, sat'd 




wo 01/21599 



PCT/KR99/00561 



- 64 - 

NaHCOs and brine, dried (anh Na2S04), filtered and concentrated to give 
3.36g of yellow solid. Half of the solid (-2.375 mmol) was reacted with 
anhydrous KF (345 mg, 2.5 eq) and 2,6-dichlorobenzoic acid (545 mg, 1.2 
eq) in DMF (10 mL) under N2 at room temperature. Usual workup 
followed by flash chromatography gave the title compound as 
diastereomeric mixture (1.53g). Preparative HPLC (38% EtOAc/Hexane) 
gave less polar diastereomer (585 mg) and more polar diastereomer 
(358mg). 

Less polar diastereomer: 'H-NMR (500 MHz, CDCI3) 8 8.28 (IH, s), 
7.84-7.80 (4H, m), 7.55-7.46 93H, m), 7.29-7.24 98H, m), 6.87 (IH, d, J 
= 8.8 Hz), 5.05-4.93 (3H, m), 4.73 (IH, m), 3.54 (IH, d, J = 18.1 Hz), 
3.34 (IH, d, J = 13.7 Hz), 3.19 (IH, d, J = 14.2 Hz), 3.11 (IH, d, J = 
17.6 Hz), 2.74-2.70 (IH, m), 2.29-2.24 (2H, m), 1.39 (9H, s), 1.02 (3H, 
d, J = 6.4 Hz), 0.92 (3H, d, J = 6.8 Hz). 

More polar diastereomer: ^H-NMR (500 MHz, CDCI3) d 8.28 (IH, s), 
7.97-7.75 (5H, m), 7.62-7.57 (2H, m), 7.37-7.22 (8H, m), 6.56 (IH, d, J = 
8.3 Hz), 4.94 (IH, m), 4.78 (IH, m), 4.51-4.42 (2H, m), 3.51-3.43 (2H, 
m), 3.24-3.15 (2H, m), 2.99-2.95 (IH, m), 2.56-2.52 (IH, m), 2.18 (IH, 
m), 1.45 (9H, s), 1.02 (3H, d, J = 6.8 Hz), 0.97 (3H, d, J = 6.4 Hz). 

The following compounds were prepared similarly. 

. (3 S)-3- { 3-[2-methyl-( IS)- 1 -(naphthalene-2-carbonylamino)-propyl]-5-phenox 
ymethyl-4,5-dihydro-isoxazole-5-carbonyl-amino}-4-keto-5-(2,6-dichlorobenzoy 
loxy)-pentanoic acid-t-butyl ester 
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OPh 



L o ci 



Less polar diastereomer : 'H-NMR (500 MHz, CDCI3) 8 8.29 (IH, s), 
7.85-7.81 (5H, m), 7.54-7.46 (2H, m), 7.31-7.23 (5H, m), 6.98-6.87 (4H, 
m), 5.13-5.03 (3H, m), 4.90 (IH, m), 4.39-4.27 (2H, ABq, J = 9.3 Hz), 
3.51 (IH, d, J = 17.6 Hz), 3.41 (IH, d, J = 17.6 Hz), 2.94-2.78 (2H, m), 
2.38 (IH, m), 1.41 99H, s), 1.12-1.08 (6H, two d, J = 6.4 Hz). 

More polar diastereomer : ^H-NMR (500 MHz, CDCI3) § 8.30 (IH, s), 
8.11 (IH, d, J = 8.8 Hz), 7.93-7.83 (4H, m), 7.59-7.53 (2H, m), 7.33-7.22 
(5H, m), 6.97-6.91 (3H, m), 6.77 (IH, d, J = 8.8 Hz), 5.37 (IH, d, J = 
17.1 Hz), 5,16 (IH, d, J - 17.1 Hz), 5.01-4.95 (2H, m), 4.53 (IH, d, J = 
9.8 Hz), 4.25 (IH, d, J = 9.8 Hz), 3.50 (IH, d, J = 7.6 Hz), 3.32 (IH, d, 
J = 7.6 Hz), 3.04-3.00 (IH, dd, J = 17.1, 4.9 Hz), 2.73-7.68 (IH, dd, 
17.1, 5.4 Hz), 2.24 (IH, m), 1.47 (9H, s), 1.10-1.03 (6H, two d, J = 6.4 
Hz). 

. (3S)-3-{3-[2-methyl-(lS)-l-(phenylmethyloxycarbonyIamino)-propyl]-4,5-di- 
hydro-isoxazole-5-carbonyl-ammo } -4-keto-5 -(2,6-dichlorobenzoyloxy)-pentaiioi 
c acid-t-butyl ester (diastereomeric mixture) 



Cbz' 




'H-NMR (500 MHz, CDCI3) 8 7.72-7.60 (IH, m), 7.37-7.30 (8H, m), 
5.40 (0.5H, d), 5.23-4.85 (6.5H, m), 4.40 (IH, m), 3.30 (2H, m), 2.92-2.65 
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(2H, m), 2.10-1.98 (IH, m), 1.44 (9H, s), 1.00-0.87 (6H, m). 
Following compounds were similarly prepared: 

. (3 S)-3 - { 3 - [2-methyl-( 1 S )- 1 -(quinoline-2-yl-carbonylamino)-propyl] -5 -phenox 
ymethyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyl 
oxy)-pentanoic acid t-butyl ester 

More polar isomer: 'H-NMR (500 MHz, CDCh) S 8.59 (d, J = 8.7 Hz, 
IH), 8.31 (d, J = 8.3 Hz, IH), 8.26 (d, J = 8.7 Hz, IH), 8.13 (d, J = 
8.7 Hz, IH), 7.98 (d, J = 8.7 Hz, IH), 7.88 9d, J = 7.8 Hz, IH), 7.78 
(m, IH), 7.63 (m, IH), 7.22-7.15 (m, 4H), 6.96-6.81 (m, 6H), 4.99-4.81 
(m, 4H), 4.40 (d, J = 10.1 Hz. IH), 4.21 (d, J = 10.0 Hz, IH), 3.44 (d, 
J = 17.9 Hz, IH), 3.24 (d, J = 17.9 Hz, IH), 3.03 (dd, J = 17.0, 4.6 Hz, 
IH), 2.76 (dd, J = 17.0, 5.5 Hz, IH), 2.30(m, IH), 1.45 (s. 9H), 1.10 (m, 
6H) 

Less polar isomer: ^H-NMR (500 MHz, CDCI3) § 8.68 (d, J = 8.7 Hz, 
IH), 8.32-8.26 (m, 2H), 8.17 (d, J = 8.7 Hz, IH), 7.91 (m, 2H), 7.80 (m, 
IH), 7.66 (m, IH), 7.28 (m, 4H), 7.02-6.87 (m, 6H), 5.01-4.77 (m, 4H), 
4.38-4.30 (m, 2H), 3.50-3.38 (ABq, J = 17.9 Hz, 2H), 3.06-3.02 (m, IH), 
2.84-2.80 (m, IH), 2.34 (m, IH), 1.44 (s, 9H), 1.14 (m, 6H) 

• (3S)-3-{3 - [2-methyl-( 1 S)- 1 -(quinoline-2-yl-carbonylamino)-propyI] -5 -phen- 
oxymethy-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzo 
yloxy)-pentanoic acid. 

From more polar isomer: ^H-NMR (500 MHz, DMSO-de) S 9.01 (d, J = 
9.2 Hz, IH), 8.87 (d, J = 8.3 Hz, IH), 8.55 (d, J = 8.3 Hz, IH), 
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8.18-8.07 (m, 3H), 7.87 (m, IH), 7.73 (m, IH), 7.28-7.14 (m, 4H), 
6.96-6.75 (m, 6H), 5.00-4.75 (m, 4H), 4.42 (d, J = 10.6 Hz, IH), 4.22 (d, 
J = 10.6 Hz, IH), 3.47-3.35 (ABq, J = 17.9 Hz, 2H), 2.82 (dd, J = 17.0, 
6.4 Hz, 2.56 (m, IH), 2.33 (m, IH), 0.98 (m, 6H). 

From less polar isomer: 'H-NMR (500 MHz, DMSO-de) § 9.06 (d, J = 
9.2 Hz, IH), 8.88 (d, J = 7.8 Hz, IH), 8.57 (d, J = 8.7 Hz, IH), 
8.22-8.07 (m, 3H), 7.87 (m, IH), 7.73 (m, IH), 7.17 (m, 4H), 6.91-6.78 
(m, 6H), 4.98-4.90 (ABq, J = 17.9 Hz, 2H), 4.77 (m, 2H), 4.35 (d, J = 
10.6 Hz, IH), 4.20 (d, J = 10.6 Hz, IH), 3.47-3.35 (ABq, J = 18.3 Hz, 
2H), 2.89 (dd, J = 17.0, 6.4 Hz, 2.61 (dd, J =17.0, 6.4, IH), 2.31 (m, 
IH), 0.98 (d, J = 6.9 Hz, 3H), 0.90 (d, J = 6.9 Hz, 3H). 

. (3S)-3-{3-[2-methyl-(lS)-l-(l-naphthalenecarbonylammo)-propyl]-5-phenylm 
ethyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyloxy 
)-pentanoic acid t-butyl ester 

More polar isomer: 'H-NMR (500 MHz, CDCb) § 8.29 (d, J = 8.3 Hz), 
7.94 (d, J = 8.3 Hz), 7.88 (d, J = 7.4 Hz, IH), 7.74 (d, J = 9.7 Hz, IH), 
7.61-7.44 (m, 4H), 7.35-7.18 (m, 8H), 6.23 (d, J = 8.7 Hz, IH), 4.95 (m, 
IH), 4.76 (m, IH), 4.49-4.41 (ABq, J = 17.5 Hz, 2H), 3.49-3.41 (m, 2H), 
3.22-3.12 (m, 2H), 2.92 (dd, J = 17.0, 4.2 Hz, IH), 2.52 (dd, J = 17.0, 
5.1 Hz, IH), 2.13 (m, IH), 1.37 (s, 9H), 1.04 (d, J = 6.9 Hz, 3H), 0.91 
(d, J = 6.9 Hz, 3H). 

Less polar isomer: ^H-NMR (500 MHz, CDCb) S 8.24 (d, J = 8.3 Hz, 
IH), 7.83 (m, 2H), 1.51-1 Al (m, 4H), 7.38-7.22 (m, 9H), 6.64 (d, J = 9.2 
Hz, IH), 5.00-4.87 (m, 3H), 4.72 (m, IH), 3.60 (d, J = 17.9 Hz, IH), 
3.36 (d, J = 14.2 Hz, IH), 3.20 (d, J = 14.2 Hz, IH), 3.12 (d, J = 17.9 
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Hz, IH), 2.69 (dd, J = 17.0, 4.6 Hz, IH), 2.28-2.18 (m, 2H), 1.38 (s, 
9H), 1.06 (d, J = 6.4 Hz, 3H), 0.88 (d, J = 6.9 Hz, 3H). 

. (3S)-3-{3-[2-methyl-(lS)-l-(cinnamoylammo)-propyl]-5-phenylinethyl-4,5-di 
hydro-isoxazole-5-carbonylainino}-4-keto-5-(2,6-dichlorobenzoyloxy)-pentanoic 
acid t-butyl ester (more polar isomer) 

'H-NMR (500 MHz, CDCI3) S 7.72 (d, IH), 7.62 (d, J = 15.6 Hz, IH), 
7.50 (m, IH), 7.38-7.21 (m, 12H), 6.39 (d, J = 15.6 Hz, IH), 5.90 (d, J 
= 9.2 Hz, IH), 4.76 (m. 2H), 4.49-4.41 (ABq, J = 17.4 Hz, 2H), 
3.42-3.38 (m, 2H), 3.17 (d, J = 14.2 Hz, IH), 3.09 (d, J = 17.9 Hz, IH), 
2.91 (dd, J = 17.4, 4.6 Hz, IH), 2.52 (dd, J = 17.4, 5.0 Hz, IH), 2.04 
(m, IH), 1.41 (s, 9H), 0.90 (m, 6H). 

Less polar isomer: 'H-NMR (500 MHz, CDCI3) d 7.61 (d, IH), 7.52 (d, 
IH), 7.41 (d, IH), 7.28 (m, 12H), 6.64-6.41 (m, 2H), 5.09-4.99 (ABq, J = 
17.4 Hz, 2H), 4.81 (m, IH), 4.69 (m, IH), 3.50 (d, J = 17.9 Hz, IH), 
3.34 (d, J - 14.2 Hz, IH), 3.17 (d, J = 14.2 Hz, IH), 3.04 (d, J - 17.9 
Hz, IH), 2.74 (dd, J = 17.0, 4.2 Hz, IH), 2.22 (m, 2H), 1.39 (s, 9H), 
0.97-0.88 (m, 6H). 

. (3S)-3 -{ 3-[2-methyl-( 1 S)- 1 -(phenylmethylsulfonylamino)-propyl]-5-phenylme 
thyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyloxy) 
-pentanoic acid t-butyl ester 

More polar isomer: 'H-NMR (500 MHz, CDCI3) § 7.77 (d, J = 9.3 Hz, 
IH), 7.38-7.23 (m, 13H), 4.80-4.63 (m, 2H), 4.56-4.46 (ABq, J = 17.1 Hz, 
2H), 4.21-4.10 (m, 2H), 3.83 (m, 2H), 3.41-3.37 (m, IH), 3.19 (d, J = 
14.2 Hz, IH), 2.90-2.83 (m, 2H), 2.53 (m, IH), 1.76 (m, IH), 1.41 (s, 
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9H), 0.83 (d, J = 6.8 Hz, 3H), 0.77 (d, J = 6.8 Hz, 3H). 

Less polar isomer: *H-NMR (500 MHz, CDCI3) d 7.64 (d, J = 9.2 Hz, 
IH), 7.36-7.26 (m, 13H), 5.05-4.95 (m, 3H), 4.74 (m, IH), 4.17 (m, 2H), 
3.96 (m, IH), 3.41-2.99 (m, 4H), 2.70 (m, IH), 2.19 (m, IH), 1.79 (m, 
IH), 1.39 (s, 9H), 0.86 (d, J = 6.4 Hz, 3H), 0.77 (d, J = 6.8 Hz, 3H). 

. (3S)-3-{3-[2-methyl-(lS)-l-(qiiinoline-2-yl-carbonylammo)-propyl]-4,5-dihyd 
ro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyloxy)-pentanoic 
acid t-butyl ester 

More polar isomer: ^H-NMR (500 MHz, CDCI3) § 8.59 (d, J = 8.7 hz, 
IH), 8.31 (d, J = 8.7 Hz, IH), 8.26 (d, J = 8.7 Hz, IH), 8.12 (d, J = 
8.3 Hz, IH), 7.88 (d, J = 8.3 Hz, IH), 7.78-7.72 (m, 2H), 7.62 (m, IH), 
7.33-7.27 (m, 3H), 5.20-5.05 (m, 3H), 4.92-4.89 (m, 2H), 3.47-3.34 (m, 
2H), 2.95 (dd, J = 17.0, 4.6 Hz, IH), 2.73 (dd, J = 17.0, 5.1 Hz, IH), 
2.28 (m, IH), 1.45 (s, 9H), 1.07 (m, 6H). 

Less polar isomer: 'H-NMR (500 MHz, CDCI3) § 8.58 (d, J = 9.2 Hz, 
IH), 8.28-8.24 (m, 2H), 8.12 (d, J = 8.7 Hz, IH), 7.85 (d, J = 7.8 Hz, 
IH), 7.75-7.59 (m, 3H), 7.31-7.25 (m, 3H), 5.12-4.89 (m, 5H), 3.46-3.41 
(m, 2H), 2.92 (dd, J = 17.0, 5.1 Hz, IH), 2.78 (dd, J = 17.0, 5.5 Hz, 
IH), 2.30 (m, IH), 1.44 (s, 9H), 1.10 (m, 6H) 

. (3S)-3-{3-[2-methyl-(lS)-l-(quinoline-2-yl-carbonylamino)-propyI]-5-phenyl 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoylo 
xy)-pentanoic acid t-butyl ester 



More polar isomer: 'H-NMR (500 MHz, CDCI3) 5 8.52 (d, J = 9.2 Hz, 
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IH), 8.32 9d, J = 8.3 Hz, IH), 8.26 (d, J = 8.3 Hz, IH), 8.12 (d, J = 
8.7 Hz, IH), 7.88 (d, J = 8.3 Hz, IH), 7.80-7.63 (m, 3H), 7.36-7.18 (m, 
8H), 4.82 (m, IH), 4.72 (m, IH), 4.47-4.37 (ABq, J = 17.0 Hz, 2H), 3.47 
(d, J = 17.9 Hz, IH), 3.41 (d, J - 13.8 Hz, IH), 3.19 (d, J = 14.2 Hz, 
IH), 3.14 (d, J = 17.9 Hz, IH), 2.94 (dd, J = 17.4, 4.1 Hz, IH), 2.53 
(dd, J = 17.0, 5.0 Hz, IH), 2.18 (m, IH), 1.45 (s, 9H), 0.98 (m, 6H). 

Less polar isomer: 'H-NMR (500 MHz, CDCI3) S 8-52 (d, J = 9.2 Hz, 
IH), 8.28-8.23 (m, 2H), 8.12 (d, J = 8.7 Hz, IH), 7.85 (d, J = 8.3 Hz, 
IH), 7.73 (m, IH), 7.62-7.55 (m, 2H), 7.31-7.17 (m, 8H), 5.06-4.98 (ABq, 
J = 17.0 Hz, 2H), 4.84 (m, IH), 4.69 (m, IH), 5.54 (d, J = 17.9 Hz, 
IH), 3.29 (d, J = 14.2 H, IH), 3.16 (d, J = 14.2 Hz, IH), 3.10 (d, J = 
17.9 Hz, IH), 2.70 (dd, J = 17.0, 4.1 Hz, IH), 2.21 (m, IH), 2.11 (dd, J 
= 17.0, 5.1 Hz, IH), 1.38 (s, 9H), 0.98 (m, 6H). 

. (3 S)-3 - { 3 -[2-methyl-( 1 S)- 1 -(qmnoline-2-yl-carbonylainino)-propyl]-5-phenyl 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic 
acid t-butyl ester 

More polar isomer: 'H-NMR (500 MHz, CDCI3) d 8.47 (d, J = 9.2 Hz, 
IH), 8.32 (d, J = 8.7 Hz, IH), 8.25 (d, J = 8.3 Hz, IH), 8.13 (d, J = 
8.7 Hz, IH), 7.89 (d, J = 7.8 Hz, IH), 7.78 (m, IH), 7.69 (d, J = 8.8 

Hz, IH), 7.64 (t, J = 7.3 Hz, IH), 7.29-7.17 (m, 4H), 7.06 (t, J = 7.4 
Hz, IH), 6.96 (t, J = 7.4 Hz, IH), 6.78 (d, J = 8.3 Hz, 2H), 4.81-4.72 
(m, 2H), 4.47-4.28 (ABq, J = 17.9 Hz, 2H), 3.42 (d, J = 17.9 Hz, IH), 
3.34 (d, J = 14.2 Hz, IH), 3.15 (d, J = 13.7 Hz, IH), 3.10 (d, J = 17.9 
Hz, IH), 2.94 (dd, J = 17.4, 4.1 Hz, IH), 2.64 (dd, J = 17.4, 5.5 Hz, 
IH), 2.15 (m, IH), 1.43 (s, 9H), 0.95 (m, 6H). 
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Less polar isomer: 'H-NMR (500 MHz, CDCb) d 8.50 (d. J = 9.2 Hz, 
IH), 8.24 (d, J = 8.3 Hz, IH), 8.18 (d, J = 8.3 Hz, IH), 8.10 (d, J = 
8.2 Hz, IH), 7.85 (d, J = 7.7 Hz, IH), 7.74 (m, IH), 7.62-7.56 (m, 2H), 
7.29-7.16 (m, 5H), 6.88 (t, J = 7.4 Hz, IH), 6.78 (d, J = 7.8 Hz, 2H), 
4.81-4.66 (m, 4H), 3.46 (d, J = 17.9 Hz, IH), 3.29 (d, J = 13.8 Hz, IH), 
3.15 (d, J = 13.8 Hz, IH), 3.07 (d, J = 17.9 Hz, IH), 2.76 (dd, J = 17.0, 
4.1 Hz, IH), 2.21-2.09 (m, 2H), 1.37 (s, 9H), 0.93 (m, 6H). 

• (3S)-3-{3-[2-methyl-(lS)-l-(2-naphthalenecarbonylamino)-propyl]-4,5-dihydr 
o-isoxazole-5-carbonylamino}-4-keto-pentanoic acid t-butyl ester 

Diastereomeric mixture: 'H-NMR (500 MHz, CDCI3) § 8.29 (m, IH), 
7.96-7.50 (m, 7H), 6.85-6.73 (m, IH), 5.10-4.97 (m, 2H), 4.66 (m, IH), 
3.40 (m, 2H), 2.94-2.60 (m, 2H), 2.32-2.14 (m, IH), 2.22 & 2.10 (two s, 
3H), 1.43 & 1.42 (two s, 9H), 1.10-0.95 (m, 6H). 

Example 23: Synthesis of (3S)-3-{3-[2-methyl-(lS)-l-(naphthalene-2-car- 
bonyl-amino)-propyl]-5-phenoxymethyl-4,5-dihydro-isoxazole-5-carbonyl-amino 
}-4-keto-5-phenoxy-pentanoic acid t-butyl ester 



The title compound was prepared with convetional EDC coupling of 
3 -[2-methyl-( 1 S)- 1 -(naphthalene-2-car-bonylamino)-propyl]-5-phenoxymethyl-4, 



(3S)-3-amino- 4-hydroxy-5- phenoxy-pentanoic acid t-butyl ester (630 mg, 
1.0 eq), EDC (558 mg, 1.3 eq), HOBt(394 mg, 1.3 eq) and triethylamine 




5-dihydro-isoxazole-5-carboxylic acid 



(l.OOg, 2.24 mmol) and 
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(0.94 mL, 3.0 eq) in DMF (5 mL). Usual workup followed by flash 
chromatography gave 1.44g of coupled product. The coupled product and 
Dess-Martin reagent (2.15g, 2.5 mol eq) in dry CH2CI2 (25mL) under N2 
at room temperature was stirred for Ih, then quenched with isopropyl 
alcohol(3 mL). Usual extractive workup followed by flash chromatography 
(36% ethyl acetate-hexane) gave 1.27g of the title compound as 
diastereomeric mixture. Preparative HPLC (36% elhyl acetate-hexanes, 10 
mL/min, 278 imi UV detection) afforded less polar (352 mg) and more 
polar (536 mg) diastereomers. 

Less polar diastereomer; 'H-NMR (500 MHz, CDCI3) ^ 8.29 (IH, s), 
7.93-7.81 (5H, m), 7.58-7.51 (2H, m), 7.28-7.21 94H, m), 6.99-6.76 (7H, 
m), 5.00-4.98 (2H, m), 4.79-4.66 (2H, ABq, J = 16.6 Hz), 4.35-4.29 (2H, 
ABq, J = 10.3 Hz), 3.40 (2H, s), 3.02-2.98 (IH, dd, J = 16.6, 4.9 Hz), 
2.84-2.79 (IH, dd, J = 16.6, 4.7 Hz), 2.30 (IH, m), 1.41 (9H, s), 
1.12-1.07 (6H, two d, J = 6.8 Hz). 

More polar diastereomer: 'H-NMR (500 MHz, CDCI3) ^ 8.29 (IH, s), 
7.99-7.82 (5H, m), 7.59-7.53 (2H, m), 7.26-7.18 (4H, m), 6.97-6.83 (6H, 
m ), 6.68 (IH, d, J = 8.3 Hz), 5.01-4.95 (3H, m), 4.83 (IH, d, J = 17.1 
Hz), 4.42 (IH, d, J = 9.8 Hz), 4.23 (IH, d, J = 9.8 Hz), 3.49-3.32 (2H, 
ABq, J = 18.1 Hz), 3.06-3.02 (IH, dd, J = 17.1, 4.4 Hz), 2.76-2.72 (IH, 
dd, J = 17.1, 5.4 Hz), 2.24 (IH, m), 1.45 (9H, s), 1.10-1.02 (6H, two d, 
J = 6.8 Hz). 

The following compounds were prepared similarly: 

. (3 S)-3- { 3 -[2-methyl-( IS)- 1 -(naphthalene-2-carbonylanmio)-propyl]-5-phenox 
ymethyl-4,5-dihydro-isoxazole-5-carbonyl-amino}-4-keto-5-(2-naphthyloxy)-pen 
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tanoic acid-t-butyl ester 




Less polar diastereomer: 'H-NMR (500 MHz, CDCh) § 8.27(1H, s), 7.89 
(8H, m), 7.56-7.26 (6H, m), 7.23-6.87 (5H, m), 6.74 (IH, d, J = 9.3 Hz), 

5.04- 4.95 (2H, m), 4.92-4.80 (2H, ABq, J = 16.6 Hz), 4.37-4.30 (2H, 
ABq, J = 23.4, 10.3 Hz), 3.43-3.38 (2H, ABq, J = 22.5, 17.8 Hz), 

3.05- 3.00 (IH, dd, J = 16.6, 4.9 Hz), 2.86-2.82 (IH, dd, J = 16.6, 4.9 
Hz), 2.25 (IH, m), 1.42 (9H, s), 1.09-1.05 (6H, two d, J = 6.8, 6.7 Hz). 

More polar diastereomer: 'H-NMR (500 MHz, CDCb) $ 8.30 (IH, s), 
8.02-7.55 (lOH, m), 7.41-7.05 (6H, m), 6.89-6.66 (4H, m), 5.10-4.94 (4H, 
m), 4.41 (IH, d, J = 9.8 Hz), 4.23 91H, d, J = 10.3 Hz), 3.50-3.34 (2H, 
ABq, J = 17.6 Hz), 3.09-3.05 (IH. dd, J = 17.1, 4.4 Hz), 2.79-2.74 (IH, 
dd, J = 17.1, 5.4 Hz), 2.25 (IH, m), 1.45 (9H, s), 1.10-1.02 (6H, two d, 
J = 6.8 Hz). 

. (3S)-3-{3-[2-inethyl-(lS)-l-(quiiiolirie-2-yl-carboriylanimo)-propyl]-4,5-dihyd 
ro-isoxazole-5-carbonylammo}-4-keto-5-phenoxy-pentanoic acid t-butyl ester 

More polar isomer: 'H-NMR (500 MHz, CDCI3) S 8-60 (d, J = 9.2 Hz, 
IH), 8.32-8.25 (m, 2H), 8.13 (d, J = 8.8 Hz, IH), 7.88 (d, J = 7.8 Hz, 
IH), 7.79-7.62 (m, 3H), 7.27 (m, 2H), 6.97 (m, IH), 6.88 (m, 2H), 
5.04-4.72 (m, 5H), 3.48-3.34 (m, 2H), 3.00 (dd, J = 17.0, 4.6 Hz, IH), 
2.77 (dd, J = 17.0, 5.5 Hz, IH), 2.27 (m, IH), 1.45 (s, 9H), 1.06 (m, 
6H). 
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Less polar isomer: ^H-NMR (500 MHz, CDCI3) d 8-58 (d, J = 9.2 Hz, 
IH), 8.27 (d. J = 8.2 Hz, IH), 8.21 (d, J = 8.3 Hz, IH), 8.13 (d, J = 
8.3 Hz, IH), 7.86 (d, J = 8.3 Hz, IH), 7.78-7.59 (m, 3H), 7.22 (m, 2H), 
6.92 (m, IH), 6.82 (m, 2H), 5.04-4.88 (m, 3H), 4.82-4.69 (ABq, J = 17.0 
Hz, 2H), 3.45-3.33 (m,2H), 2.99 (dd, J = 16.5, 4.6 Hz, IH), 2.78 (dd, J = 
16.5, 5.1 Hz, IH), 2.26 (m, IH), 1.42 (s, 9H), 1.06 (m, 6H) 

Example 24: Synthesis of (3S)-3-{3-[(lS)-l-benzyloxycarbonylamino-2- 
methyl-propyl]-5-phenoxymethyl-4,5-dihydro-isoxazole-5-carbonyI-amino}-4-ke 
to-pentanoic acid 



A solution of (3S)-3-{3-[(lS)-l-phenylmethyloxycarbonylamino-2-methyl- 
propyl]-5-phenoxymethyl-4,5-dihydro-isoxazole-5-carbonyl-aniino}-4-keto-pent 
anoic acid t-butyl ester (less polar diastereomer) (44mg) in CH2CI2 (2 mL) 
at 0°C was treated with TFA (1 mL). The reaction was stirred for 2h 
while slowly warming to room temperature. Concentration gave the title 
compound (compound 2, quantitative) 

'H NMR (500 MHz, CD3OD) s 7.35-6.90 (lOH, m), 5.11 (2H, s), 4.53 
(IH, m), 4.47 (IH, m), 4.23 (2H, dd), 2.86 (IH, dd), 2.54 (IH, dd), 2.24 
(3H, s), 2.00 (IH, m), 1.00 and 0.97 (6H, two d); MS [M+Na]^ 562 

The following compound was prepared similarly from more polar isomer: 



OPh 
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. (3 S)-3 - { 3-[( IS)- 1 -phenylmelliyloxycarbonylamino-2-methyl-propyl]-5-phenox 
ymethyl-4,5-dihydro-isoxazole-5-carbonyl-ainino}-4-keto-pentanoic acid 
(compound 3). 

NMR (500 MHz, ) S 8.76 (lH,d, J = 7.8 Hz), 7.76 (IH, d, J = 8.8 
Hz), 7.36-6.87 (lOH, m), 5.06 (2H, m), 4.50 (IH, m), 4.32 (IH, m), 4.16 
(2H, m), 3.21 (2H, app s), 2.79 (IH, m), 2.06 (3H, s), 1.89 (IH, m), 0.91 
(3H, d, J = 6.3 Hz), 0.80 (3H, d, J = 6.3 Hz). 

Following final compounds were obtained by similar TFA deprotection of 
corresponding t-butyl ester. 

. (3S)-3-{3-[(lS)-l-phenylmethyloxycarbonylamino-2-methyl-propyl]-4,5-dihy 
dro-isoxazole-5-carbonylamino}-4-keto-pentanoic acid (compound 1, 
diastereomeric mixture) 

'h NMR (500 MHz, DMSO-de) S 8. 49 (IH, m), 7.72 (IH, m), 7.35 
(5H, m), 5.03 (3H, m), 4.40 (IH, m), 4.15 (IH, m), 3.24 (2H, m), 2.54 
(2H, m), 2.04 and 1.95 (3H, wo s), 1.88 (IH, m), 0.90-0.81 (6H, m): MS 
[M+Na]^ 456 

. (3 S)-3 -{ 3-[( 1 S)- 1 -phenybnethyloxycarbonylamino-2-metiiyl-propyl]-4,5-dihy 
dro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlrobenzoyloxy)-pentanoic 
acid (compound 6, diastereomeric mixture) 

'H NMR (500 MHz, DMSO-de) S 8-58 (IH, br s), 7.75 (IH, m), 
7.61-7.30 (8H, m), 5.30-5.00 (5H, m), 4.70 (IH, m), 4.16 (IH, m), 2.66 
(2H, m), 1.90 (IH, m), 0.95-0.79 (6H, m): MS [M+Na]^ 644 
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. (3S)-3-{3-[(lS)-l-(naphthalene-l-carbonylainino)-2-methyl-propyl]-5-penoxy 
methyl-4,5-dihydro-isoxazole-5-carbonylammo}-4-keto-5-phenoxy-pentanoic 
acid (compound 7, diastereomeric mixture) 

NMR (500 MHz, DMSO-de) 8 8.92-8.55 (2H, m), 8.15-7.98 (3H, m), 
7.63-7.55 (4H, m), 7.25-7.15 (4H, m), 6.95-6.74 (6H, m), 5.20-4.15 (6H, 
m), 2.80-2.55 (2H, m), 2.05 (IH, m), 1.05-0.89 (6H, m): MS [M+Na]^ 
674. 

. (3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-penoxy 
methyl-4, 5 -dihydro-isoxazole-5-carbonylamino} -4-keto-5-phenoxy-pentanoic 
acid (compoimd 8) 

From less polar t-butyl ester: NMR (500 MHz, DMSO-de) 3 8.93 
(IH, d, J = 7.8 Hz), 8.79 (IH, d, J = 8.3 Hz), 8.48 (IH, s), 8.05-7.94 
(4H, m), 7.64-7.58 (2H, m), 7.30-7.17 (4H, m), 6.94-6.83 (6H, m), 4.96 
(2H, app s), 4.78 (IH, m), 4.73 (IH, m), 4.36 (IH, d, J = 10.2 Hz), 4.22 
(IH, d, J = 10.2 Hz), 3.37 (2H, app s), 2.91 (IH, dd, J = 16.6, 6.4 Hz), 
2.62 (IH, dd, J = 16.6, 5.9 Hz), 2.12 (IH, m), 1.00 (3H, d, J = 6.3 Hz), 
0.87 93H, d, J = 6.3 Hz): MS [M+Na]^ 674 

From more polar t-butyl ester: 'h NMR (500 MHz, DMSO-ds) s 8.88 

(IH, d, J = 8.3 Hz), 8.79 (IH, d, J = 8.8 Hz), 8.43 (IH, s), 8.00-7.80 
(4H, m), 7.61 (2H, m), 7.23-7.17 94H, m), 6.93-6.77 (6H, m), 4.99 (IH, 
d, J = 17.6 Hz), 4.86 (IH, d, J = 18.1 Hz), 4.79 (IH, m), 4.72 (IH, mO, 
4.43 (IH, d, J = 10.7 Hz), 4.20 (IH, d, J = 10.2 Hz), 2.81 (IH, dd), 
2.56 (IH, dd), 2.17 (IH, m), 1.01 (3H, d, J = 6.3 Hz), 0.99 (3H, d, J = 
6.3 Hz): MS [M+Na]^ 674 
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. (3S)-3-{3-[(lS)-l-(naphthalene-l-carbonylamino)-2-methyl-propyl]-5-penoxy 
mefliyl-4,5-diIiydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichkobenzoylox 
y)-pentanoic acid (compound 9) 

From less polar t-butyl ester: NMR (500 MHz, DMSO-de) 8 9.08 
(IH, d, J = 7.8 Hz), 8.87 (IH, d, J = 8.8 Hz), 8.55 (IH, s), 8.10-8.01 
(4H, m), 7.68 7.58 (5H, m), 7.26 (2H, t, J = 7.8 Hz), 6.98-6.92 (3H, m), 
5.27 (2H, ABq, J = 16.6 HzO, 4.82-4.78 (2H, m), 4.43 (IH, d, J = 10.7 
Hz), 4.29 (IH, d, J = 10. 3 Hz), 3.44 (2H, ABq, J = 18.1 Hz), 3.01 (IH, 
dd, J = 17.1, 6.4 Hz), 2.67 (IH, dd, J = 17.1, 6.3 Hz), 2.21 (IH, m), 
1.07 (3H, d, J = 6.2 Hz), 0.97 (3H, d, J = 6.2 Hz): MS [M+Na]^ 770 

From more polar t-butyl ester: 'h NMR (500 MHz, DMSO-de) § 8.97 
(IH, d, J = 7.8 Hz), 8.85 (IH, d, J = 8.3 hz), 8.50 (IH, s), 8.09-7.96 
(4H, m), 7.67-7.60 (5H, m), 7.32 (2H, t, J = 6.3 Hz), 7.00 (3H, m), 5.38 
(IH, d, J = 17.1 Hz), 5.13 (IH, d, J = 17.1 Hz), 4.92 (IH, d, J = 6.3 
Hz), 4.79 (IH, t, J = 7.8 Hz), 4.55 (IH, d, J = 9.7 Hz), 4.28 (IH, d, J = 
8.7 Hz), 3.48 (IH, d, J = 18.1 Hz), 3.38 (IH, d, J = 18.1 Hz), 2.87 (IH, 
dd, J = 17.1, 4.9 Hz), 2.60 (IH, dd, J = 17.1, 4.9 Hz), 2.25 (IH, m), 
1.07 (6H, m): MS [M+Na]^ 770 

. (3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylammo)-2-methyl-propyl]-5-phenyl 
methyl-4,5-dihydro-isoxazole-5-carbonylammo}-4-keto-5-(2,6-dichlorobeiizoylo 
xy)-pentanoic acid (compound 10, diastereomeric) 

'H NMR (500 MHz, DMSO-de) § 8.72-8.55 (2H, m), 8.38 (IH, s), 
8.04-7.85 (4H, m), 7.62 (2H, m), 7.25-7.12 (7H, m), 6.91-6.70 (3H, m), 
4.79-4.51 (4H, m), 3.40-3.05 (4H, m), 2.73-2.23 (2H, m), 2.01 (IH, m), 
0.94-0.70 (6H, m): MS [M+Na]^ 658 



wo 01/21599 



PCT/KR99/00561 



- 78 - 

. (3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenyl 
methyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-(2,6-dichlorobeiizoylo 
xy)-pentanoic acid (compound 11) 

From less polar t-butyl ester: NMR (500 MHz, DMSO-de) S 8.68 
(IH, d, J = 8.8 Hz), 8.59 (IH, d, J = 8.3 Hz), 8.40 (IH, s), 8.05-7.87 
(4H, m), 7.63-7.54 (5H, m), 7.21-7.13 (5H, m), 5.98 (2H, ABq, J = 17.1 
Hz), 4.74 (IH, m), 4.64 (IH, m), 3.25-3.10 (4H, m), 2.62 (IH, dd, J = 
17.1, 6.3 Hz), 2.37 (IH, dd, J = 16.6, 5.4 Hz), 2.06 (IH, m), 0.93 (3H, 
d, J = 6.8 Hz), 0.83 (3H, d, J = 6.2 Hz): MS [M+Na]^ 754 

From more polar t-butyl ester: ^H NMR (500 MHz, DMSO-de) § 8.72 
(IH, d, J = 8.3 Hz), 8.59 91H, d, J = 8.8 Hz), 8.41 (IH, s), 8.01-7.87 
(4H, m), 7.62-7.53 (5H, m), 7.29-7.21 (5H, m), 4.70-4.55 (4H, m), 
3.44-3.10 (4H, m), 2.72-2,67 (IH, dd, J = 16.6, 7.3 Hz), 2.38-2.34 (IH, 
dd, J = 16.6, 7.3 Hz), 2.05 (IH, m), 0.97 (3H, d, J = 6.3 Hz), 0.79 (3H, 
d, J = 6.3 Hz); MS [M+Na]^ 754. 

. (3S)-3-{3-[(lS)-l-(qiiinolme-2-yl-carbonylammo)-2-methyl-propyl]-5-phenox 
ymethyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-pentanoic acid 
(compoimd 13, diastereomeric mixture) 

^H NMR (500 MHz, DMSO-d^) § 9.06 (IH, m), 8.82 91H, br), 8.57 
(IH, m), 8.16-7.74 95H, m), 126-1. \1 (4H, m), 6.89-6.69 (6H, m), 
5.10-4.70 (4H, m), 4.48-4.20 (2H, m), 2.87-2.53 (2H, m), 2.32 (IH, m), 
0.98-0.85 (6H, m): MS [M+Naf 675, [M+H]^ 653. 

. (3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenox 
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ymethyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-(2-naphthyloxy)-pent 
anoic acid 
(compound 15) 

From less polar t-butyl ester: NMR (500 MHz, DMSO-de) § 8.96 
(IH, d, J = 7.8 Hz), 8.77 (IH, d, J = 8.3 Hz), 8.47 (IH, s), 8.03-7.57 
(9H, m), 7.44 (IH, t, J = 6.8 Hz), 7.34 (IH, t, J = 7.8 Hz), 7.17-7.13 
(4H, m), 6.88-6.82 (3H, m), 5.09 (2H, ABq), 4.84 (IH, m), 4.72 (IH, m), 
4.38 (IH, d, J = 10.2 Hz), 4.23 (IH, d, J = 10.7 Hz), 2.94 (IH, dd, J = 

17.1, 6.8 Hz), 2.65 (IH, dd, J = 16.6, 5.9 Hz), 2.12 (IH, m), 0.97 (3H, 
d, J = 6.3 Hz), 0.85 (3H, d, J = 6.3 Hz): MS [M+Na]"^ 724 

From more polar t-butyl ester: 'h NMR (50°C, 300 MHz, DMSO-ds) 5 
8.72 (IH, d), 8.63 (IH, d), 8.41 (IH, s), 7.94-6.72 (19H, m), 5.03 (2H, 
ABq), 4.88 (IH, m), 4.74 (IH, m), 4.42 91H, d), 4.19 (IH, m), 3.38 (2H, 
ABq), 2.88 (IH, dd), 2.65 (IH, dd), 2.19 (IH, m), 1.02 (6H, two d):MS 
[M+Na]"^ 724 

'^C NMR (50°C, 300 MHz, DMS0-d6) $ 202.1, 171.6, 170.7, 166.6, 
159.3, 158.0, 155.6, 134.1, 133.9, 132.0, 131.6, 129.3, 129.1, 128.7, 127.7, 
127.5, 127.3, 126.5, 126.2, 124.2, 123.6, 121.1, 118.1, 114.5, 107.4, 87.5, 

70.2, 52.9, 34.4, 29.6, 19.4, 18.9. 

More polar diastereomer's methyl ester: ^H NMR (500 MHz, CDCb) 8 
8.29 (IH, s), 8.02-6.68 (20H, m), 5.09-4.95 (2H, ABq, J - 16.6 Hz), 5.10 
(IH, m), 5.01(1H, m), 4.34 (2H, ABq, J = 10.3 Hz), 3.70 (3H, s), 
3.50-3.33 (2H, ABq, J = 17.6 Hz), 3.13 (IH, dd, J = 17.1, 4.9 Hz), 2.90 
(IH, dd, J = 17.1, 5.9 Hz), 2.23 (IH, m), 1.08 and 1.02 (6H, two d, J = 
6.8 Hz). 
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. (3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenox 
ymethyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(l-naphthyloxy)-pent 
anoic acid (compound 16, diasteromeric mixture) 

NMR (500 MHz, DMSO-de) 8 9.02-8. 18(3H, m), 8.05-6.80 (18H, m), 
5.15-4.15 (6H, m), 2.90-2.55 (2H, m), 2.14 (IH, m), 1.05-0.82 (6H, m). 

. (3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl-propyl]-4,5-dihyd 
ro-isoxazole-5-carbonylamino) -4-keto-5-(2-naphthyloxy)-pentanoic acid 
(compound 19, diasteromeric mixture) 

'H NMR (500 MHz, DMSO-de) § 8.95-8.46 (3H, m), 8.09-7.07 (13H, 
m), 5.21-4.75 (5H, m), 2.95-2.64 (2H, m), 2.19 (IH, m): MS [M+H]^ 
596 

. (3 S)-3 - { 3- [2-methyl-( 1 S)- 1 -(2-naphthaIenecarbonylamino)-propyl]-4,5-dihydr 
o-isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic acid (compound 
20, diasteromeric mixture) 

'H-NMR (500 MHz, DMS0-d6) § 8.76-8.69 (m, 2H), 8.45 (m, IH), 
8.04-7.90 (m, 5H), 7.61 (m, 2H), 7.31-7.19 (m, 2H), 6.97-6.81 (m, 3H), 
5.09-4.68 (m, 5H), -3.3 (m, 2H), 2.82 (m, IH), 2.64 (m, IH), 2.15 ((m, 
IH), 1.00-0.84 (m, 6H): MS [M+Na] = 568 

. (3S)-3-{3-[2-methyl-(lS)-l-(phenylethylcarbonylamino)-propyl]-5-phenylmet 
hyl-4,5-dihydro-isoxazole-5-carbonyIamino}-4-keto-5-(2,6-dichlorobenzoyloxy)- 
pentanoic acid (compound 22, diastereomeric mixture) 
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'H-NMR (500 MHz, DMSO-de) S 8-48 (br s, IH), 8.00 (m, IH), 
7.61-7.54 (m, 3H), 7.30-7.15 (m, IIH), 4.93-4.32 (m, 4H), 3.34-2.90 (m, 
4H), 2.78 (m, IH), 1.78 (m, IH), 0.90-0.60 (m, 6H): MS [M+Na] = 732 

. (3 S)-3-{ 3-[2-methyl-( IS)- 1 -(1 -naphthalenecarbonylammo)-propyl]-5-phenylm 
ethyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyloxy 
)-pentanoic acid(compoiind 23) 

From more polar t-butyl ester: 'H-NMR (500 MHz, DMSO-de) 8 8.80 
(d, J = 8.3 Hz, IH), 8.63 (d, J = 7.8 Hz, IH), 8.02 (m, 3H), 7.64-7.20 

(m, 12H), 4.81-4.55 (m, 4H), 3.39 (m, 2H), 3.12 (m, 2H), 2.73 (m, IH), 
2.43 (m, IH), 1.98 (m, IH), 0.99 (d, J = 4.6 Hz, 3H), 0.79 (d, J = 4.5 
Hz, 3H): MS [M+Na] = 754 

From less polar t-butyl ester: 'H-NMR (500 MHz, DMSO-de) S 8-77 (d, 
J = 8.7 Hz, IH), 8.62 (d, J = 8.3 Hz, IH), 8.08-7.97 (m, 4H), 7.61-7.21 
(m, 12H), 5,00 (m, 2H), 4.77-4.67 (m, 2H), 3.39-3.27 (m, 2H), 3.15-3.11 
(m, 2H), 2,64 (m, IH), 2.40 (m, IH), 1.99 (m, IH), 0.96 (d, J = 6.4 Hz, 
3H), 0.85 (d, J = 6.9 Hz, 3H). 

. (3S)-3-{3-[2-methyl-(lS)-l-(cmnamoylamino)-propyl]-5-phenylmethyl-4,5-di 
hydro-isoxazole-5-carbonylamino } -4-keto-5 -(2,6-dichlorobenzoyloxy)-pentanoic 
acid (compound 28) 

Fom more polar t-butyl ester: 'H-NMR (500 MHz, DMSO-de) d 8.55 (d, 
J = 8.7 Hz, IH), 8.28 (d, J = 8.7 Hz, IH), 7.60-7.19 (m, 14H), 6.70 (d, 
J = 15.6 Hz, IH), 4.71-4.49 (m, 4H), -3.3 (m, 2H), 3.08 (m, 2H), 2.71 
(m, IH), 2.40 (m, IH), 1.90 (m, IH), 0.86 (d, J = 6.4 Hz, 3H), 0.74 (d, 
J = 6.4 Hz, 3H): MS [M+H] = 708 
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From less polar t-butyl ester: 'H-NMR (500 MHz, DMSO-de) § 8.53 (d, 
J = 8.3 Hz, IH), 8.28 (d, J = 8.7 Hz, IH), 7.61-7.16 (m, 14H), 6.69 (d, 
J = 16.9 Hz, IH), 4.99-4.92 (ABq, J = 17.4 Hz, 2H), 4.72 (m, IH), 4.53 
(m, IH), 3.36 (d, J = 17.9 Hz, IH), 3.23 (d, J = 13.8 Hz, IH), 3.10-3.04 
(m, 2H), 2.61 (dd, J = 17.0, 6.4 Hz, IH), 2.37 (dd, J = 17.0, 6.0 Hz, 
IH), 1.90 (m, IH), 0.79 (m, 6H). 

. (3 S)-3 - { 3 -[2-methyl-( IS)- 1 -(phenylmethylsulfonylammo)-propyl]-5-phenylme 
thyl-4,5-dihydro-isoxazole-5-carbonylajTiino}-4-keto-5-(2,6-dichlorobenzoyloxy) 
-pentanoic acid (compound 29, diastereomeric) 

'H-NMR (500 MHz, DMSO-de) 8 7.75 and 7.69 (m, IH), 7.61-7.13 (m, 
13H), 5.00 and 4.70 (m, IH), 4.64 (m, 2H), 4.22-3.78 (m, 4H), 1.79 (m, 
IH), 0.90 (m, 6H):MS [M+H] = 732. 

. (3 S)-3- { 3 -[2-methyl-( IS)- l-(quinoline-2-yl-carbonylamino)-propyl]-4,5-dihyd 
ro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyloxy)-pentanoic 
acid (compound 30) 

From more polar isomer: 'H-NMR (500 MHz, DMSO-de) 8 8.94 (d, J = 
9.7 Hz, IH), 8.75 (d, J = 7.8 Hz, IH), 8.55 (d, J = 8.8 Hz, IH), 
8.18-8.05 (m, 3H), 7.85 (m, IH), 7.55 (m, 3H), 5.22-5.06 (m, 3H), 
4.83-4.70 (m, 2H), 3.35 (m, 2H), 2.80 (m, IH), 2.61 (m, IH), 2.31 (m, 
IH), 0.95 (m, 6H):MS [M+H] = 643 

From less polar isomer: ^H-NMR (500 MHz, DMSO-de) 8 9.07 (d, J = 
9.2 Hz, IH), 8.76 (d, J = 8.3 Hz, IH), 8.56 (d, J = 8.7 Hz, IH), 
8.20-8.07 (m, 3H), 7.87 (m, IH), 7.72 (m, IH), 7.62-7.54 (m, 3H), 
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5.21-5.06 (m, 3H), 4.84-4.70 (m, 2H), 3.44-3.27 (m, 2H), 2.85 (dd, J = 
17.0, 6.0, IH), 2.66 (dd, J = 17.0, 6.9 Hz, IH), 2.29 (m, IH), 0.98 (d, J 
= 6.9 Hz, 3H), 0.90 (d, J = 6.4 Hz, 6H) 

(3S)-3-{3-[2-me%l-(lS)-l-(qumoline-2-yl-carbonylamiiio)-propyl]-4,5-dihydro- 
isoxazole-5-carbonylainino}-4-keto-5-phenoxy-pentanoic acid (compound 31) 

From more polar isomer: ^H-NMR (500 MHz, DMSO-de) s 8.95 (d, 
IH), 8.72 (d, IH), 8.55 (d, IH), 8.20-8.05 (m, 3H), 7.86 (m, IH), 7.72 
(m, IH), 7.24-6.74 (m, 5H), 5.11-4.70 (m, 5H), 3.34 (m, 2H), 2.80 (m, 
IH), 2.62 (m, IH), 2.30 (m, IH), 0.95 (m, 6H):MS [M+H] = 547 

From less polar isomer: 'H-NMR (500 MHz, DMSO-de) § 9.03 (d, IH), 
8.74 (d, IH), 8.56 (d, IH), 8.20-8.07 (m, 3H), 7.87 (m, IH), 7.73 (m, 
IH), 7.23 (m, 2H), 6.88 (m, 3H), 5.09-4.71 (m, 5H), 3.34 (m, 2H), 2.85 
(m, IH), 2.65 (m, IH), 2.27 (m, IH), 0.96-0.87 (m, 6H). 

. (3S)-3-{3-[2-methyl-(lS)-l-(quinoline-2-yl-carbonylamino)-propyl]-5-phenyl 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoylo 
xy)-pentanoic acid (compound 32) 

From more polar isomer: ^H-NMR (500 MHz, DMSO-de) S 8.91 (d, J = 

9.2 Hz, IH), 8.59-8.52 (m, 2H), 8.17-8.06 (m, 3H), 7.87 (m, IH), 7.72 
(m, IH), 7.58-7.53 (m, 5H), 4.69-4.51 (m, 4H), 3.40 (m, 2H), 3.16 (m, 
IH), 2.69 (m, IH), 2.37 (m, IH), 2.19 (m, IH), 0.91-0.80 (m, 6H): MS 
[M+H] = 733 

From less polar isomer: ^H-NMR (500 MHz, DMSO-de) 8 8.92 (d, J = 
9.2 Hz, IH), 8.56(m, 2H), 8.19-8.07 (m, 3H), 7.87 (m, IH), 7.73 (m, IH), 
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7.60-7.54 (m, 3H), 122-1.01 (m, 5H), 5.01-4.93 (ABq, J = 16.5 Hz, 2H), 
4.75-4.62 (m, 2H), 3.46 (d, J = 18.4 Hz, IH), 3.23-3.07 (m, 3H), 2.62 
(dd, J = 17.0, 6.9 Hz, IH), 2.37 (dd, J = 17.0, 6.0 Hz, IH), 2.21 (m, 
IH), 0.86-0.83 (m, 6H). 

. (3S)-3-{3 - [2-methyl-( 1 S )- 1 -(quinoline-2-yl-carbonylaiiiino)-propyl] -5 -phenyl 
methyl-4,5-dihydro-isoxazole-5-carbonylammo}-4-keto-5-phenoxy-pentanoic 
acid (compound 33) 

From more polar isomer: ^H-NMR (500 MHz, DMSO-dg) § 8.91 (d, J = 
9.2 Hz, IH), 8.62 (d, J = 8.3 Hz, IH), 8.52 (d, J = 8.7 Hz, IH), 8.15 (d, 
J = 8.3 Hz, IH), 8.07 (m, 2H), 7.86 (m, IH), 7.72 (m, IH), 7.26-7.09 
(m, 7H), 6.86 (m, IH), 6.69 (d, J = 8.3 Hz, 2H), 4.71-4.63 (m, 2H), 
4.54-4.46 (ABq, J = 17.9 Hz, 2H), 3.42 (d, J = 17.9 Hz, IH), 3.29 (d, J 
= 13.8 Hz, IH), 3.15 (d, J = 18.4 Hz, IH), 3.09 (d, J = 14.3 Hz, IH), 
2.72 (dd, J = 17.0, 6.9 Hz, IH), 2.36 (dd, J = 17.0, 6.0 Hz, IH), 2.15 
(m, IH), 0.88 (d, J = 6.9 Hz, 3H), 0.75 (d, J = 6.9 Hz, 3H): MS [M+H] 
= 637 

From less polar isomer: 'H-NMR (500 MHz, DMSO-de) 8 8.88 (d, J = 
9.6 Hz, IH), 8.54 (m, 2H), 8.18-8.06 (m, 3H), 7.87 (m, IH), 7.72 (m, 
IH), 7.28-6.78 (m, lOH), 4.78-4.63 (m, 4H), 3.45 (d, J = 18.3 Hz, IH), 
3.26-3.06 (m, 3H), 2.66-2.62 (dd, J - 17.0, 6.9 Hz, IH), 2.44-2.39 (dd, J 
= 17.0, 5.5 Hz, IH), 2.17 (m, IH), 0.80 (m, 6H). 



. (3S)-3-{3-[2-metiiyl-(lS)-l-(qiiinoline-2-yl-carbonylamino)-propyl]-5-(l-imid 
azolylmetiiyl)-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-phenoxy-penta 
noic acid (compound 34, diastereomeric mixture) 
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^H-NMR (500 MHz, DMSO-de) § 9.09-6.60 (m, 16H), 4.92-4.62 (m, 6H), 
3.50 (m, 2H), 2.85-2.20 (m, 3H), 0.93 (m, 6H): MS [M+H] = 627 

. (3S)-3-{ 3-[2-methyl-( 1 S)- 1 -(2-naphthalenecarbonylamino)-propyl]-4,5-dihydr 
o-isoxazole-5-carbonylammo}-4-keto-pentanoic acid (compound 35, 
diastereomeric mixture) 

'H-NMR (500 MHz, DMSO-dfi) § 8.77 (m.lH), 8.45 (m, 2H), 8.07-7.89 
(m, 4H), 7.61 (m, 2H), 5.06 (m, IH), 4.72 (m, IH), 4.46 & 4.38 (two m, 
IH), -3.3 (m, isoxazoline CH2), 2.62 (m, IH), -2.49 (m, IH), 2.13 (m, 
IH), 2.09 & 2.05 (two s, 3H), 1.01-0.84 (m, 6H). 

. (3S)-3-{3-[(lS)-l-(succinoylamino)-3-carboxy-propyl]-5-methyl-4,5-dihydro-i 
soxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic acid (compoimd 36, 
diastereomeric mixture) 

'H-NMR (500 MHz,DMS0-d6) § 8.56-8.52 (m, IH), 8.15 (m, IH), 7.27 
(m, 2H), 6.97-6.82 (m, 3H), 4.96-4.83 (m, 2H), 4.77 (m, IH), 4.58 (m, 
IH), 3.58-2.22 (m, lOH), 2.0-1.74 (m, 2H), 1.47 & 1.45 (two s, 3H):MS 
[M+Na] = 558. 

• (3S)-3-{3-[2-methyl-(lS)-l-(succinoylamino)-propyl]-5-methyI-4,5-dihydro-is 
oxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic acid (compound 37, 
diastereomeric mixture) 

'H-NMR (500 MHz, DMSO-de) S 8.62-8.52 (m, IH), 8.06 (m, IH), 7.27 
(m, 2H), 6.96-6.81 (m, 3H), 4.94-4.72 (m, 3H), 4.43-4.32 (m, IH), 
3.38-3.22 (m, IH), 2.94-2.78 (m, 2H), 2.70-2.22 (m, 5H), 1.95-1.77 (m, 
IH), 1.48 & 1.46 (two s, 3H), 0.86-0.70 (m, 6H): MS [M+Na] = 528. 
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. (3S)-3-{3-[2-methyl-(lS)-l-(l-naphtalenylcarbonylamino)-propyl]-5-phenylin 
etiiyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(l-piperidinyl)- 
pentanoic acid (compound 38, diastereomeric) 

^H-NMR (500 MHz,DMS0-d6) § 8.75 (m, IH), 8.47 and 8.29 (m, IH), 
8.03-7.23 (m, 12H), 4.65 (m, 2H), 3.11-2.99 (m, 2H), 2.26-2.18 (m, 4H), 
1.97 (m, IH), 1.64-0.79 (m, 12H):MS [M+H] = 627. 

Industrial Applicability 

Experiment 1: Screening on caspases enzyme inhibiting activity 

In the present experiment, recombinant caspases were purified from a 
transformed bacterium after human caspase genes were cloned into an 
expression vector pET, and then used in the e3q)eriment (Thombeny, N.A. 
et .al. Nature, 1992, 356, 768. Thombeny, N.A. Methods in Enzymology, 
1994, 615.). 

Enzymatic activity was measured by a known procedure (Walker N.P.C. et 
al.. Cell 1994, 78, 343). Briefly, 10 ng of recombinant protein was mixed 
with 50 mM Tris[pH 7.0], ImM DTT, 0.5 mM EDTA, 10% Glycerol 

buffer containing 1-100 uM of enzjmie substrate, Ac-YVAD-AMC or 
Ac-DEVD-AMC and then the changes by isolated AMC at 37°C were 
recorded. The inhibitory activity for caspases was calculated from the early 
enzyme reaction rate by measuring the changes with fluorescence excited 
at 380 nM and emitted at 460 nm (Range; Ki<100nM). 

Experiment 2) Screening for intracellular inhibitory efficacy for caspases 
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Inhibitory activity for Caspase-1 was determined by screening the effects 
of compounds on the IL-1 0 production in the periphery lymphocytes 
stimulated with LPS. Briefly, 500,000 cells/ml of human peripheral 
lymphocytes was treated with various concentration of test compounds for 
2 hours and then with 10 ng/ml of LPS. After incubating the cells for 12 
hours, the supernatant samples from the media were analysed by 
immunoantibody analysis (Amersham) in which 100 ng/well of human IL-1 
antibody is coated (Range: CIC50 : 0.1 ~ 10 //M). 

Meanwhile, the efficacy of the compounds on apoptosis was quantified by 
MTT assay in which cell death and survival ratio depending on the 
concentration of compounds were analyzed in Jurkat T cell treated with 
Anti-FAS antibody CHU which induces cell death (Effective range; 1.0 ~ 
10 )uM). 



Table 1 







CIC50 


ED50 


compound 


Ki for caspase-1 


(IL-1/9 production) 
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Claims 



1. An isoxazoline derivative of the fonnula (I), the phannaceutically 
acceptable salts, the esters and the stereochemically isomeric forms thereof 



in which, 

R and R' each independently represents simple alkyl chain (-SAC), simple 
cycloalkyi (-SCAC), aromatic (-Ar), or simple alkyl chain substituted with 
aromatic (-SAC-Ar) or hydrogen; 

Ri represents -SAC, -SCAC, -Ar, or -SAC-Ar and/or contains side chain 
residues of natural amino acids, or represent -CH2COOH; 

R3 represents -SAC, -SCAC, -Ar, or -SAC-Ar and/or contains side chain 

residues of natural amino acids, or represent -CH(CH3)2, -CH2COOH, 
-(CH2)2C02H, -CH2C(=0)NH2 or -(CH2)2C(-0)NH2; 

R2 represents -H, -SAC, -SCAC, -Ar, or -SAC-Ar and contains side chain 
residues of natural amino acids or -(CH2)n(0)mR5 (in which R5 = -SAC, 
-SCAC, -Ar, -SAC-Ar; and n=0, 1, 2; m=0, 1), or -(CH2)nOC(=0)R6 (in 
which R6 = -SAC, -SCAC, -Ar, or -SAC-Ar; and n=l, 2) or represents 
(CH2)n(0)mAr' (in which n=0, 1, 2; m=0,l; Ar -substituted phenyl or 
imidazole), methyl or hydrogen; 

R4 represents an organic acid acyl group of all the natural amino acids or 
represents -C(=0)R7 (in which R7 = -SAC, -SCAC, -Ar, or -SAC-Ar), 




(D 
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-C(=0)0R8 (in which Rg = -SAC, -SCAC, -Ar, or -SAC-Ar), 
-C(=0)NR9Rio (in which R9, Rio = -H, -SAC, -SCAC, -Ar, or -SAC-Ar), 
-SORii (in which Rn = -SAC, -SCAC, -Ar, or -SAC-Ar), or -SO2R12 (in 
which R12 = -SAC, -SCAC, -Ar, or -SAC-Ar); 

In cases where Ri and the adjacent R', and/or R3 and the adjacent R are 
connected to each other to form a cyclic compound, Ri-R' or R3-R 
together represents (CHa)™, (CH2)„-0-(CH2)m, or (CH2)„-NRi3-(CH2)m [in 
which nHhm <9, R13 = -SAC, -SCAC, -Ar, -SAC-Ar, -C(=0)-SAC, 
-C(=0)-SCAC, -C(=0)-Ar, or -C(=0)-SAC-Ar]; 

X represents -CN, -CHO, -C(=0)Ri4 [in which R14 = -SAC, -SCAC, -Ar, 
or -SAC-Ar], -C(=0)0Ri5 [in which R15 = -SAC, -SCAC, -Ar, or 
-SAC-Ar], -CONR16R17 [in which Rie and Rn each represents -H, -SAC, 
-SCAC, -Ar, or -SAC-Ar], -C(=0)CH20Ri8 [in which Rig represents -SAC, 
-SCAC, -Ar, or -SAC-Ar], or -C(=0)CH20C(=0)Ri9 [in which R19 = 
-SAC, -SCAC, -Ar, or -SAC-Ar]. The invention further encompasses a 
case where if X represents -COCH2-W, W represents -N2, -F, -CI, -Br, -I, 
-NR20R21 or -SR22 [in which wherein R20, R21 and R22 each independently 
represents -SAC, -SCAC, -Ar, or -SAC-Ar or a case where R20 and R21 
are connected to form a cyclic compounds]; W also represents 




in which Y represents -OH, OR23 (in which R23 = -SAC, or -SCAC), 
-C(=0)R24 (in which R24 = -H, -SAC, or -SCAC), -F, -CI, -Br, -I, -CN, 
-NC, -N3, -CO2H, CF3, -CO2R25 (in which R25 = -SAC, or -SCAC), 
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-C(=0)NHR26 (in which Rae = -SAC, or -SCAC), and -C(=0)NR27R28 (in 
which R27, R28 = -SAC, or -SCAC) and can be mono- or poly-substituted 
at its maximum regardless of the order and the kinds. 

2. The compound of formula (I) according to claim 1, in which 

a) R and R' represent hydrogen, 

b) Ri represents -CH2COOH, 

c) R2 represents (CH2)n(0)mAr' [in which n=l, 2; m=0, 1; Ar -substituted 
phenyl or imidazole], methyl or hydrogen, 

d) R3 represents -CH(CH3)2, -CH2COOH, -(CH2)2C02H, -CH2C(0)NH2 or 
-(CH2)2C(0)NH2, 

e) R4 represents -C(=0)(0)nR29 [in which n=0,l; R29=-Ar, or -SAC-Ar], 
-SO2R30 [in which R30 = -Ar, or -SAC-Ar], or -C(0)NHR3i, [in which 
R31 = -Ar, or -SAC-Ar], 

f) X represents -C(=0)CHN2, -C(=0)CH2Br, -C(=0)CH2C1, -C(=0)CH20Ar" 
[Ar" = phenyl] or -C(=0)CH20C(=0)Ar'" [in which 
Ar"-2,6-dichlorophenyl or 2,6-dimethylphenyl]. 

3. The derivative according to Claim 1, wherein the compound is selected 
from the group consisting of 

(3 S)-3-{3-[( 1 S)- l-phenylmethyloxycarbonylamino-2-methyl-propyl]-4,5-di- 
hydro-isoxazole-5-carbonylamino }-4-keto-pentanoic acid; 
(3S)-3-{3-[(lS)-l-phenylmethyloxycarbonylamino-2-methyl-propyl]-5-phenoxy 
methyl-4,5-dihydro-isoxazole-5-carbonyl-amino}-4-keto-pentanoic acid; 
(2S)-2- {3-[( 1 S)- 1 -phenylmethyloxycarbonylamino-2-methyl-propyl]-5-phenoxy 
methyl-4,5-dihydro-isoxazoIe-5-carbonyl-amino}-succinic acid l-(N-methyl- 
N-methoxy)-amide ; 

(3S)-3-{3-[(lS)-l-phenylmethyloxycarbonylamino-2-methyl-propyl]-4,5-dihydro 
-isoxazole-5 -carbonylamino } -4-keto-5 -diazo-pentanoic acid; 
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(3S)-3-{3-[(lS)-l-phenylmelliyloxycarbonylammo-2-methyl-propyl]-4,5-dihydro 
-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic acid; 
(3S)-3-{3-[(lS)-l-phenylmethyloxycarbonylaniino-2-methyl-propyl]-4,5-dihydro 
-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyloxy)-pentanoic acid; 
(3 S)-3 -{3-[( 1 S)- 1 -(naphthalene- l-carbonylainuio)-2-methyl-propyl]-5-penoxy- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic 
acid; 

(3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-penoxy- 

metiiyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic 

acid; 

(3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-penoxy- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[(lS)-l-(naphlhalene-2-carbonylamino)-2-methyl-propyl]-5-penoxy- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 
acid; 

(3S)-3-{3-[(lS)-l-(naphlhalene-2-carbonylamino)-2-methyl-propyl]-5-penoxy- 
methyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-(2,6-dichlorobenzoylo 
xy)-pentanoic acid; 

(3 S)-3 -{ 3-[( 1 S)- 1 -(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 

acid; 

(3 S)-3 - { 3- [( 1 S)- 1 -(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyl- 
oxy)-pentanoic acid; 

(3 S)-3-{ 3-[( 1 S)- 1 -(naphthalene-2-carbonylamino)-2-methyI-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3 S)-3 -{ 3-[( I S)- 1 -(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenyl- 
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mefhyl-4,5-dihydro-isoxazole-5-carbonylammo}-4-keto-5-bromo-pentanoic 

acid; 

(3 S)-3 - { 3 -[( 1 S)- 1 -(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyl- 

oxy)-pentanoic acid; 

(3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-3-carboxy-propyl]-5-methyl-4, 

5-dihydro-isoxazole-5-carbonylamino} -4-keto-5-phenoxy-pentanoic acid; 

(3 S)-3 -{3-[( 1 S)- 1 -(quinoline-2-yl-carbonylamino)-2-methyl-propyl]-5-phenoxym 

ethyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-pentanoic acid; 

(3S)-3-{3-[(lS)-l-(naphthalene-2-sulfonylamino)-2-metiiyl-propyl]-5-penoxy- 

methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic 

acid; 

(3 S)-3 -{ 3-[( 1 S)- 1 -(naphthalene-2-carbonylainino)-2-methyl-propyl]-5-phenoxy- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2-naphthyloxy)- 
pentanoic acid; 

(3 S)-3-{ 3-[( 1 S)- 1 -(naphthalene-2-carbonylamino)-2-methyl-propyl]-5-phenoxy- 
methyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-(l-naphthyloxy)- 
pentanoic acid; 

(3S)-3-{3-[(lS)-l-(2S)-2-acetylamino-succinoylamino)-3-carboxy-propyl]-5- 
mefhyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic 
acid; 

(3S)-3-{3-[(lS)-l-(naphthalene-2-carbonylamino)-2-methyl-propyl]-4,5-dihydro- 

isoxazole-5-carbonylamino}-4-keto-5-(2-naphthyloxy)-pentanoic acid; 

(3 S)-3 - { 3 - [2-methyl-( 1 S)- 1 -(2-naphthalenecarbonylainino)-propyl] -4, 5 -dihy dro- 

isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic acid (diasteromeric 

mixture); 

(3S)-3-{3-[2-methyl-(lS)-l-(j)henylmethyloxycarbonylamino)-propyl]-5-phenyl- 
methyl-4, 5 -dihy dro-isoxazole-5-carbonylainino } -4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-(phenylmethyloxycarbonylainino)-propyl]-5-phenyl- 
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methyl-4,5-(iihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 
acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(phenylmethyloxycarbonylamino)-propyl]-5-phenyl- 
methyl-4, 5 -dihy dro -isoxazole-5-carbonylamino } -4-keto-5-(2,6-dichlorobenzoyl- 

oxy)-pentanoic acid; 

(3 S)-3 - { 3 -[2-metiiyl-( 1 S)- 1 -(phenylethylcarbonylammo)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3 S)-3 - { 3-[2-methyl-( 1 S)- 1 -(phenylethylcarbonylamino)-propyl]-5-phenyhnethyl 
-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic acid; 
(3 S)-3 - { 3 -[2-methyl-( 1 S)- l-(phenylethylcarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoylo 
xy)-pentanoic acid; 

(3 S)-3-{3-[2-methyl-( 1 S)- 1 -( l-naphthalenecarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-(l-naphthalenecarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 
acid; 

(3 S)-3-{ 3-[2-metiiyl-( 1 S)- 1 -( 1 -naphthalenecarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichloroben2;oylo 
xy)-pentanoic acid; 

(3 S)-3-{ 3-[2-methyl-( 1 S)- 1 -( l-naphtalenesulfonylamino)-propyl]-5-phenyl- 
metiiyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-dia20-pentanoic acid 

(diastereomeric mixture); 

(3S)-3-{3-[2-methyl-(lS)-l-(l-naphtalenesulfonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic acid 
(diastereomeric mixture); 

(3 S)-3 - { 3-[2-methyl-( 1 S)- 1 -( 1 -naphtalenesulfonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyl- 
oxy)-pentanoic acid (diastereomeric mixture); 
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(3S)-3-{3-[2-methyl-(lS)-l-((3-mdolyl)eliiylcarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylaniino}-4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-((3-mdolyl)e1hylcarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bronio-pentanoic 
acid; 

(3S)-3-{3-[2-methyl-(lS)-l-((3-indolyl)ethylcarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylaiiiino}-4-keto-5-(2,6-dichlorobenzoyl- 
oxy)-pentaiioic acid; 

(3 S)-3 -{ 3-[2-inethyl-( 1 S)-l-((3-indolyl)methylcarbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-((3-indolyl)methylcarbonylatnino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 
acid; 

(3 S)-3 -{ 3-[2-methyl-( 1 S)- l-((3-indolyl)methylcarbonylairiino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichloroben2:oyl- 

oxy)-pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(cinnamoylamino)-propyl]-5-phenylmethyl-4,5- 

dihydro-isoxazole-5-carbonylaniino}-4-keto-5-diazo-pentanoic acid; 

(3 S)-3 -{ 3-[2-me1iiyl-( 1 S)- l-(cimiamoylamino)-propyl]-5-phenylmethyl-4,5- 

dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(cinnamoylamino)-propyl]-5-phenybnethyl-4,5- 

dihydro-isoxazole-5-carbonylamino}-4-keto-5-(2,6-dichlorobenzoyloxy)- 

pentanoic acid; 

(3 S)-3 -{ 3-[2-methyl-( 1 S)- 1 -(phenylinethylsulfonylainino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-diazo-pentaiioic acid; 
(3 S)-3 -{3-[2-metiiyl-( 1 S)- 1 -(phenyknethylsulfonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo- 
pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(phenylmethylsulfonylamino)-propyl]-5-phenyl- 
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methyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-(2,6-dichlorobenzoylo 
xy)-pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(quinolme-2-yl-carbonylamino)-propyl]-4,5-dihydro- 

isoxazole-5-carbonylainino}-4-keto-5-diazo-pentanoic acid; 

(3 S)-3-{ 3-[2-methyl-( 1 S)- 1 -(quinoline-2-yl-carbonylainino)-propyl]-4,5-dihydro- 

isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(quinoluie-2-yl-carbonylamino)-propyl]-4,5-dihydro- 

isoxazole-5-carbonylainino}-4-keto-5-(2,6-dichlorobeiizoyloxy)-pentaiioic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(quinoline-2-yl-carbonylamino)-propyl]-4,5-dihydro- 

isoxazole-5-carbonylamino } -4-keto-5-phenoxy-pentanoic acid; 

(3 S)-3- { 3 -[2-methyl-( 1 S)- 1 -(quinoline-2-yl-carbonylamino)-propyl]-5-phenyl- 

methyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-diazo-pentanoic acid; 

(3 S)-3 - { 3 -[2-methyl-( 1 S)- 1 -(quinoline-2-yl-carbonylamino)-propyl]-5-phenyl- 

methyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-bromo-pentanoic 

acid; 

(3 S)-3 - { 3 -[2-methyl-( IS)- l-(quinoline-2-yl-carbonylainino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylamitio}-4-keto-5-(2,6-dichlorobenzoylo 
xy)-pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(quinoline-2-yl-carbonylamino)-propyl]-5-phenyl- 
methyl-4,5-dihydro-isoxazole-5-carbonylainino}-4-keto-5-phenoxy-pentanoic 
acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(quinoline-2-yl-carbonylamino)-propyl]-5-(l- 
iinidazolyl-methyl)-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-phenoxy- 

pentanoic acid; 

(3S)-3-{3-[2-methyl-(lS)-l-(2-naphthalenecarbonylamino)-propyl]-4,5-dihydro- 
isoxazole-5-carbonylainino}-4-keto-pentanoic acid; 

(3 S)-3-{ 3-[( 1 S)- 1 -(succinoylamino)-3-carboxy-propyl]-5-methyl-4,5-dihydro- 
isoxazole-5-carbonylamino}-4-keto-5-phenoxy-pentanoic acid; 
(3S)-3-{3-[2-methyl-(lS)-l-(succuioylamino)-propyl]-5-methyl-4,5-dihydro- 
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isoxazole-5-carbonylainino}-4-keto-5-phenoxy-pentanoic acid; and 
(3S)-3-{3-[2-methyl-(lS)-l-(l-naphtalenylcarbonylamino)-propyl]-5-phenyl- 
me1hyl-4,5-dihydro-isoxazole-5-carbonylamino}-4-keto-5-(l-piperidinyl)-pentan 
oic acid. 

4. A phannaceutical composition for inhibiting caspases activity which 
comprises as the active ingredient a therapeutically effective amount of a 
derivative of formula (1) as claimed in any of Claim 1 to 3 and 
pharmaceutically acceptable carrier. 

5. The composition according to Claim 4, in the form for administration 
orally, percutaneously, or by parenteral injection. 

6. A method of treating patients suffering from the diseases caused by 
caspases activation, said method comprising the local or systemic 
administration of a pharmaceutically effective amount of the compound of 
formula (I) according to any of Claim 1 to 3 or a pharmaceutically 
acceptable salt thereof in admixture with a pharmaceutical carrier. 

7. A process for preparing a derivative of the formula (I), which is 
characterized in that hydroxamoyl chloride (VI) is reacted with aciylate 
derivative (VII) to give isoxazoline derivative (VIII), and isoxazoline 

derivative (VIII) is then deprotected and R4 is introduced thereinto to give 
a compound of formula (IX) which is then reacted with a compound of 
formula (X) and, if necessary, the isoxazoline derivative (VIII) is directly 
reacted with the compound (X) to give a compound of formula (I), and if 
necessary, the compound of formula (I) having the protecting group Pi is 
converted into other compound having substituent R4. 
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